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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
DIVISION OF CHEMISTRY, 
Washington, D. C., February 7, 1899. 

Str: I have the honor to transmit herewith the manuscript of the revised edition 
of Farmers’ Bulletin No. 52. 

The subject-matter of this bulletin remains practically the same as in the original 
edition. It was found necessary to revise the statistical part, however, and to bring 
it up to date. 

It is hoped that in its new form this bulletin may prove as beneficial as its prede- 
cessors in directing the interest which is being manifested in the culture of the 
sugar beet and in the manufacture of sugar therefrom into reliable channels of exper- 
iment and investigation. This edition makes the total number of copies of this 
bulletin which have been issued 200,000, and the demand for it seems to be undi- 
minished. 

Respectfully, H. W. WILEY, Chemist. 

Hon. JAMES WILSON, 

Secretary of Agriculture. 
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THE SUGAR BEET. 


INTRODUCTION, 


Among the farmers of the country there is in general an erroneous 
opinion respecting the manufacture of beet sugar, especially concerning 
the cost of a factory. It is well that our farmers should cherish no 
illusions in regard to this matter. The manufacture of beet sugar is 
an industry entirely distinct from agriculture, and can only be success- 
fully accomplished by the investment of large capital under the direc- 
tion of skilled artisans. From the nature of the process, it is quite 
improbable that any simple method of home manufacture of beet 
sugar will ever prove commercially successful. The juices of the beet 
are extracted with difficulty. They contain large quantities of mineral 
salts which render the crude sugar and molasses made therefrom bitter 
and unpalatable. Simple processes for the extraction of the juice can 
at best remove only from 60 to 70 per cent of the sugar which the 
beet contains, and tlius a percentage of loss is incurred which at the 
very outset renders it impossible for a home apparatus to compete with 
a large factory. Beet sugar, for the reasons given above, can not be 
used in the raw state, as is the case with the products derived from the 
sugar cane, sorghum, and the maple tree. The refining of the sugar is 
a process which requires an expensive outlay for machinery and a high 
degree of supervisory skill. It can not therefore be accomplished upon 
thefarm. The various schemes which have been proposed whereby the 
farmer is assured of the possibility of preparing a crude product to 
be subsequently shipped to a central refinery are not practicable on 
account of the radical difficulties above outlined. The low prices at 
which sugar is sold render imperative in the process of manufacture the 
most economical methods, which are only made possible by the use of 
improved machinery operated under the direction of technical experts. 
The farmers of this country, as is the case with those of Europe, in 
respect of the beet sugar industry, must be satisfied with acquiring the 
requisite degree of agricultural skill to produce a crop of beets with a 
paying tonnage and a high content of sugar. 

One of the remarkable facts shown by the statistical tables in this 
bulletin is found in the information they contain showing that the sugar 
beet has been able on demand to supply the remarkable deficiency in 
the world’s sugar crop produced by the Cuban war. In three years the 
supply of sugar furnished by that island has fallen from 1,000,000 to 
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about 100,000 tons, and yet there has been no appreciable deficit noticed 
in the total sugar production of the world. 

The remarkable opportunities for the extension of profitable agricul- 
tural industries in this country, through the medium of the sugar beet, 
should not be suffered to pass unimproved, and the farmers of our 
country should not rest satisfied until they see our own fields produce 
the sugar which we consume. 


CLIMATIC CONDITIONS AFFECTING THE GROWTH OF THE SUGAR 
BEET. 


Experience has shown that the sugar beet reaches its highest devel- 
opment in north temperate latitudes. So far as the production of beets 
with high tonnage is concerned, it is found that this can be accom- 
plished far to the south, but beets grown in such localities are, upon 
the whole, less rich in sugar and less suitable for the manufacture of 
sugar than those grown farther north. It must be remembered, how- 
ever, that the expressions north and south do not refer to any absolute 
parallels of latitude, but rather to isothermal lines, which in many cases 
run obliquely to the parallels of latitude and in some cases cross them 
almost at right angles. As aresult of many years of careful experi- 
mentation, it may be said that as far as temperature alone is concerned 
the sugar beet attains its greatest perfection in a zone of varying width 
through the center of which passes the isothermal line of 70° F. for the 
months of June, July, and August. This zone for this country is shown 
in the accompanying map (fig. 1). 


“THE THEORETICAL BEET-SUGAR BELT OF THE UNITED STATES. 


This isothermal line, for the United States, begins near the city of New 
York and passes up the Hudson River to Albany; thence turning west- 
ward, it runs near Syracuse and passes in a southwesterly direction, 
touching the shore of Lake Erie near Sandusky, Ohio; turning then 
in a northwesterly direction, it enters Michigan and reaches its high- 
est point in that State near Lansing; then going in a southwesterly 
direction, it enters the State of Indiana near South Bend, passes through 
Michigan City, then in a northwesterly course continues through the 
cities of Chicago and Madison, reaching its highes¢ point near St. Paul, 
Minn. Thence it extends in a southwesterly direction until it enters the 
State of South Dakota, where it turns again northwest and reaches its 
highest point in Dakota just above the forty-fifth parallel of latitude, 
‘where it crosses the Missouri River. The isothermal line then turns 
almost due south, following very closely the one hundred and first 
degree of longitude until it leaves the State of Nebraska near the 
northeast corner of Colorado; passing in a southwesterly direction 
through Colorado, it reaches, at Pueblo, almost to the one hundred and 
fifth degree of west longitude, whence it passes in a slightly southeast- 
erly direction into New Mexico, turns to the west, and crosses the one 
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Extending a distance of 100 miles on each side of this isothermal 
line is a belt which, for the present, may be regarded as the theoretical 
beet-sugar area of the United States. There are doubtless many locali- 
ties lying outside of this belt, both north and south, in which the 
sugar beet will be found to thrive; but this will be due to some excep- 
tional qualities of the climate or soil and not to any favorable influence 
of a higher or lower temperature. A mean temperature of 70° F, in 
the summer, however, must not be regarded as the only element of tem- 
perature which is to be taken into consideration. In those localities 
where the winters come early and are of unusual severity will be found 
greater difficulties in the production of sugar from the sugar beet than 
in those localities where the winters are light and mild, although the 
mean summer temperature of both localities may be represented by 70° 
F. As an illustration of this difficulty may be cited northern Nebraska 
and South Dakota, where the winters are of great severity, and south- 
ern California, where there is scarcely any winter at all. 

The mean summer temperature of these localities is about the same, 
but the continuation of a semisummer temperature through the winter 
in southern California greatly favors the growth and manufacture of 
the beets. In northern Nebraska and South Dakota the beets, which 
are to be manufactured during the winter time, have to be protected by 
expensive silos. In southern California and other places similarly situ- 
ated the beets can be protected without any covering, or at most with 
only a slight covering of leaves or straw. The season for planting in 
a mild climate is also longer. For instance, in southern California plant- 
ing can commence as early as January and continue till June, thus giv- 
iffg a beet crop coming continuously into maturity from the 1st of 
August to the 1st of December. In other localities the planting must 
be accomplished in a short time, say from the 10th of May till the 1st 
of June. Before the first of these dates the ground will be too cold for 
planting and after the second the season will be so late as to prevent 
the maturity of the beets before frost. When the field is properly 
plowed and subsoiled in the late autumn the farmer will be able to 
take advantage of the first favorable opportunity in the spring to pre- 
pare the surface of the soil and plant the seed. 


CONDITIONS OF PRECIPITATION. 


Although conditions of temperature must be taken into consideration 
in selecting sites for beet-sugar factories, yet in addition to the thermal 
conditions must also be studied those of rainfall. The sugar beet 
requires a certain amount of moisture in order to produce its normal 
crop. This moisture must be derived either from precipitation in the 
usual way, by irrigation, or else the soil must be of that particular 
quality which will allow subterranean moisture to reach the rootlets of 
the plants. Soil of this latter kind appears to exist in many localities 
in California, where beets are grown almost without rain. The porous 
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and sandy soils adjacent to many of the Western rivers, such as the 
Platte River in Nebraska and the Arkansas River in Kansas, also 
appear to furnish a sufficient amount of subterranean moisture to pro- 
duce a good crop in connection with the rainfall, of which, however, but 
little is expected in those localities during the summer months. Where 
there is little subterranean moisture, and where irrigation is not practi- 
cable, the endeavor should be made to secure localities for the growth of 
the sugar beet where an average summer precipitation of from 2 to 4 
inches per month may be expected. There are many conditions of agri- 
culture, however, under which the beet becomes quite independent of 
extremes of precipitation. The beet may thrive with very little rainfali 
or with a great deal, if properly cultivated in a suitable soil. 


GROWTH OF BEETS ON IRRIGATED LANDS. 


The experience of more than ten years in California has shown that 
the climatic data, regarded as of prime importance in beet culture in 
Europe, can not be regarded as rigidly applicable to this country. The 
successful growth of sugar beets in the arid regions of our country, 
with and without irrigation, has introduced a new factor into the science 
of beet meteorology. While the arid area on which beets can be grown 
without irrigation is probably confined almost exclusively to the coast 
valleys of California, the successful commercial production of sugar 
beets in Utah and New Mexico has opened up a new and extensive field 
for the extension of the sugar industry over large areas suited to irri- 
gation in the western and southwestern regions of the United States. 
It is certain now that Colorado, Utah, New Mexico, Idaho, and Arizona 
may become great sugar-producing States, not excluding other areas 
in the arid region. California has already set the pace of progress, and 
the other arid States will not be slow to follow. The high cost of good 
irrigation renders it imperative that the areas under culture be devoted 
to a crop which is capable of producing a more valuable yield than is 
afforded by cereal culture. Of all the home markets for our domestic 
agricultural products, there is none so insistent nor so expansive as 
that for sugar. With an annual consumption of 2,000,000 tons, and 
with a certainty of rapid increase, the demand for sugar promises to 
be the salvation of American agriculture. 

The northern parts of our Eastern and Middle States and the States 
of Oregon and Washington have at least an equal chance for the suc- 
cessful production of beet sugar with the fields of Germany and France. 
The irrigable parts of the great Southwest, it is believed, have advan- 
tages of seil and climate which will enable them to enter into compe- 
tition even with the Hawaiian Islands and Cuba. To be able to control 
the moisture in the soil is a matter of prime importance to the beet 
grower. Inthe arid region the beet can be left to mature at the proper 
time by withholding the water. Subsequently there is no danger of 
loss due to second growth, so easily induced by late warm autumnal 
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rains. In a dry soil the beet can endure without damage a Jow temper- 
_ ature, which would prove quite disastrous in a wet climate. More 
complete maturity may be thus obtained, and a more leisurely harvest. 
In fact, there is no staple crop which can compete with the sugar beet 
in demanding the favorable attention of those interested in irrigation. 
If a net profit of from $10 to $20 per acre can be secured, from $100 
to $200 per acre can be paid for the land. It is estimated that nearly 
100,000,000 acres of land in the arid regions of the United States may 
eventually be irrigated, being nearly one-fifth of the total area. Of 
this area perhaps 10 per cent are capable of easy and speedy irrigation. 
One million acres planted to beets would yield, under intensive culture, 
a quantity of sugar sufficient, with the Louisiana product, for domes- 
tic consumption. There is nowhere in sight a more promising prospect 
for agricultural devel- 
opment than in the 
production of sugar 
beets on _ irrigated 
lands. 


VARIETIES OF BEETS. 


All kinds of sugar 
beets are botanically 
identical with the com- 
mon garden beet, Beta 
vulgaris. The differ- 
ences in varieties have 
arisen by reason of 
special selection and 
culture, producing a 
pure strain of some 
valuable peculiarity in 
the beet. These acci- 
dental valuable quali- 
ties, by careful selec- 
tion, have become 
fixed, and are associated with certain external properties which have 
thus come to be regarded as distinguishing characteristics. 

The shape and size of the beet, its color, the character of the foliage, 
whether erect or spreading, etc., are the most frequent marks of dis- 
tinction. The beets are also frequently designuted by the names of 
those who have developed them, by the name of the town or locality 
in which they have been grown, or by their color. 

Among the more frequently occurring varieties grown in Europe may 
be mentioned the Vilmorin Improved, Kleinwanzlebener, Improved 
Kleinwanzlebener, White Excelsior, White lnperial, Simon Le Grande, 
Florimond and Bulteau Desprez Richest, Brabant Sugar Beet, Rose 
Imperial, Demesmay, ete. 

The two varieties which have been most widely grown in this country* 





Fic. 2.—White Improved Vilmorin Sugar Beet. 
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are the Vilmorin Improved and the Kleinwanzlebener. The certainty 
that the seed has been grown according to the most scientific methods 
is of greater importance to the beet grower than the variety. The beet 
has reached such a high state of perfection as to make the least degree 
of laxity in its treatment exceedingly dangerous to its qualities. 

The general type of the Vilmorin Improved is illustrated by fig. 2. 
This beet is the result of thirty-five years of methodic and perse- 
vering selection based upon the lines to be indicated hereafter. In 
regard to its preservation, it is recognized that it holds its sugar con- 
tent better than any other variety. In those factories in which the 
Improved Vilmorin is manufactured in connection with other varieties, 
it is the custom to 
reserve this varie- 
ty for the end of 
the season and to 
work up the less 
reliable beets at 
an earlier date. It 
is also said to re- 
sist better than 
any other variety 
theunfavorable in- 
fluence of certain 
characters of soil 
and of certain ma- 
nures. In_ black 
soils, rich in or- 
ganic matter, it 
gives great indus- 
trial results, while 
most other varie- 
ties of beets be- 
come watery or 
saline in excess. 
Excessive quantities of nitrogenous fertilizers, which are carefully 
excluded from ordinary varieties, can be applied with safety to the 
Improved Vilmorin, as a great number of experiments has shown that 
this can be done without serious deterioration in the quality of the 
sugar and with a considerable increase in weight. From thousandsof 
analyses it has been established that the percentage of sugar which 
can be obtained with this variety is about 16. Its average yield under 
favorable conditions can be stated to be from 12 to 16 tons per acre. 

Perhaps more important for general cultivation than the Vilmorin 
variety is the beet known as the Kleinwanzlebener, which at the pres- 
ent time has probably a wider cultivation than any other sugar beet. 
The general character of this beet is shown by fig. 3. 





Fia. 3.—Kleinwanzlebener Sugar Beet. 
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This beet has a conical root, straight and even, quite large at the 
head and rapidly tapering. It is distinguished from the Improved Vil- 
merin by its brighter color and its lighter colored leaves, which are 
beautifully undulating or scalloped about the edges. Coming froma 
cross in which the Improved Vilmorin entered largely, the Kleinwanzle- 
bener is to-day a fixed variety and is equallyewell produced in France 
and Germany. 
It succeeds in 
soil of an allu- 
vial nature and 
average richness 
and on level pla- 
teaus. In soils 
very rich in hu- 
mus it ripens 
poorly and loses 
much of its rich- 
ness. Like the 
Vilmorin Im- 
proved, toward 
the end of vege- 
tation its leaves 
are completely 
spread. Inthose 
conditions of cul- 
ture where the 
Improved _ Vil- 
morin givesfrom 
12 to 16 tons per 
acre, the Klein- 
wanzlebener 
gives from 14 to 
18 tons. It is, 
however, gener- 
ally inferior to 
the Vilmorin Im- 
proved in sac- 
charin richness, 
which the whiter 
and more watery appearance of its flesh would make known at first 
view. Nevertheless, from 13 to 15 per centof sugar can be obtained in 
the beet in field culture. 

The Brabant sugar beet is altogether different in aspect from the pre- 
ceding varieties. It is long, rising well above the level of the soil, 
and carries a foliage vigorous in growth and upright in position. This 
variety would seem at first view to have come from the white varieties 





Fia. 4.—Brabant Sugar Beet. 
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used for forage; nevertheless, its great vigor, its abundant produc- 
tion, and its sufficiently high content of sugar make it a beet quite 
valuable in those countries where the tax is placed upon the amount of 
sugar made rather than upon the beet. The Brabant sugar beet will 
give easily 20 tons per acre, and may be made to contain 12 per cent of 
sugar. Its general appearance is shown by fig. 4. 

In France the adoption of legislation placing the tax upon the beet 
itself has not entirely banished the Brabant variety, but it has suc- 
ceeded in trans- 
forming it into one 
of greater ricliness 
in sugar. This va- 
riation of the Bra- 
bant beet has been 
called the French 
Rich Sugar Beet, 
and seems destined 
to have a brilliant 
future, preserving 
in its general as- 
pect, and notably 
in its foliage, many 
of the characteris- 
tics of the Brabant. 
The French Rich 
Sugar Beet differs 
distinctly from the 
Brabant in the fact 
that it grows en- 
tirely under the 
soil, is more slender, 
has a ruddier skin, 
and more compact 
flesh. Its yield is 
superior to the Vil- 
morin Improved 
and equal to the 
Kleinwanzlebener. 
The content of su- 
gar of this new va- 
riety is rarely infe- 
rior to 14 per cent. Its general appearance is shown by fig. 5. 

The Imperial sugar beet is one which is largely grown throughout 
Europe. It has a regular conical outline, with oval-shaped top, and its 
leaves have rather short stems. There are different varieties, such as 
the Old Imperial, Improved White Imperial, and the Improved Rose 
Imperial. Other varieties of beets largely grown are the Electoral, 





Fia. 5.— White French Rich Sugar Beet. 
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the Improved Elite, the Improved Imperial Elite, the Imperator, Olive 
Shaped, tlhe Excelsior, ete. 

Following are the names of some of the firms producing high-grade 
beet seed of the above-named and other varieties in Europe: 


Vilmorin, Andrieux & Co., Paris. 

Dippe Bros., Quedlinburg, Germany. 

Carl Schobbert & Co., Quedlinburg, Germany. 

Desprez, Pére et fils, Cappelle, par Templenve (Nord) France. 

G. Schreiber & Son, Nordhausen, Germany. 

Klein & Soukotisky, 4 Bielany, Poste Beresovka, Podolien, Russia. 

S. L. Ziemann, Quedlinburg, Germany. 

Otto Breustedt, Schladen-am-Harz, Germany. 

F. Demesmay, Cysoing (Nord), France. 

Schlitte & Co., Aumiihle bei Gorsbach, Germany. 

H. Hornung & Co., Frankenhausen, Germany. 

Heinrich Mette, Quedlinburg, Germany. 

C. A. F. Degering, Quedlinburg, Germany. 

Ladislaus Mayzel, Brzoz6wka, Post Stopnica, Russian Poland. 

Martin Grashoff, Quedlinburg, Germany. 

Adolph Strandes, Rittergut Zehringen bei Céthen (Anhalt), Germany. 

Association Maurus Deutsch, 8 Rue Lafitte, Paris. 

M. Knauer, Gribers, Saxony, Germany. 

In this country considerable quantities of beet seed have been grown 
by the Alameda Beet Sugar Company, of Alvarado, Cal., chiefly for its 
own consumption. It is probable that there are other growers of beet 
seed in this country, but no definite information concerning that point 
can be given. 


SOIL. 


The sugar beet does not require a particular kind of soil for its proper 
production. In general, soils are described for practical purposes as 
clayey, sandy, loamy, or alluvial soils; all of these soils will produce 
beets. The black prairie soils also have been found, with proper culti- 
vation, to produce excellent beets. Perhaps the best soil may be 
described as a sandy loam; a soil containing a happy equilibrium 
between organic matters, clay, and sand. 

In general it may be said that any soil which will produce a good crop 
of Indian corn, wheat, or potatoes will, under proper cultivation, pro- 
duce a goud crop of sugar beets. The soil on which sugar beets are 
grown, however, should be reasonably level, and this being the case it 
should be well drained. Natural drainage on level soil being somewhat 
deficient, it is advantageous that tile drainage be practiced. It would 
be difficult to grow sugar beets on level land without good drainage, 
especially in a rainy season. 

FERTILIZATION. 

Happily,in most American soils there is still sufficient .atural fertility 
to produce a good crop of sugar beets; whereas in the soils of Europe, 
where sugar beets have been grown for years, the farmers must depend 
on fertilizers to insure a remunerative crop. 
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Two kinds of fertilizers are employed: stall manure from the farm, 
and artificial manure generally known as commercial fertilizers. For 
general purposes, stall manure is desirable. It should be applied, in a 
well-rotted condition, in the autumn before the ground is plowed. The 
quantity per acre depends, of course, on the fertility of the soil; but in 
any case it is not best to apply a very heavy dressing. In poor soils it 
is best to apply the fertilizer for several years in succession, rather than 
to apply enough at once to bring it up to the required state of fertility. 
Too copious an application of stall manure is apt to produce overgrowth 
in the beets, which makes them ill suited to the manufacture of sugar. 
If the fertilizer be applied in an unrotted condition, it is apt to seriously 
injure the crop in case of dry weather. 

Of commercial fertilizers three classes are employed containing, 
respectively, nitrogen, phosphoric acid, and potash. In some instances 
these three elements are found combined in the same commercial ferti- 
lizer. Nitrogenous manure should be applied with great care to sugar 
beets. It tends to produce a very heavy growth of the beet, and thus 
to diminish its content of sugar. Potash and phosphoric acid can be 
applied with great freedom to beet fields; in general they act much 
better in conjunction than when applied separately. 

The principles of fertilization depend upon the fact that a soil of good 
quality should have returned to it all that the harvest has removed, 
and a poor soil be supplied with those elements in which it is deficient. 

Nothing can be more certain than that a soil to which this restoration 
is not fully made will gradually lose its faculty to produce plants in nor- 
mal quantity and composition. Culture experiments with artificial 
liquid manures have not been ¢arried so far with the beet as with some 
other plants, and therefore the dependence between the composition of 
such liquids and the evolution of the beet has not yet been determined. 
The basis is also wanting whereon the direct working of the manure on 
the beet can be predicted; and here is met the well-known difficulty of 
getting the manures into those layers of the soil from which the beet 
chiefly draws its supplies of mineral plant foods. 


PRECAUTIONS TO BE OBSERVED IN APPLYING STABLE MANURE. 


Since experience has taught that beets raised on fields freshly ferti- 
lized with stable manure are inferior for purposes of manufacture, the 
rule has long been established that not the beets, but the previous crop 
should be fertilized with this material, or that the beets should be raised 
in rotation as the second or even third crop. Unfortunately this rule, 
so important to the factories, is not always observed, and as a conse- 
quence of heavy manuring large crops have been produced, but at the 
cost of diminished sugar content or lessened price. This rule applies 
especially to stable manure and night soil, as well as to Chile saltpeter, 
the misuse of which has produced such serious consequences for facto- 
ries, but not to phosphatic manures, which usually exert a favorable 
influence upon the crop. 
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QUANTITIES OF PLANT FOOD REMOVED FROM THE SOIL. 


The constituents to be taken into account in the necessary restitution 
to the soil of the elements removed by beets are potash, phosphoric 
acid, magnesia, and nitrogen. Following are the quantities of these 
constituents in 1,000 pounds of beets and beet leaves, determined by 
numerous analyses: 





Constituents. | Roots. | Leaves. 


| 


Total ash ... 


| Pounds. | Pounds. 
PID o6oi6 4506 6c st cnnncscsentendesecnincsucccieeedseoiesess cencacniecssoss snedienisees 3.3 | 6.5 
SEU ha sn ciccecinus osu lcinndousdeneces Osugeusrsdcasstsacaatcseoucceeanael 0.8 1.3 
Magnesia ... we 0.5 | 3.0 
Nitrogen.... 1.6 | 3.9 
y 18.1 








It will be seen from the relation between the roots and leaves that 
for equal weights the amounts abstracted by the latter are considerably 
greater aid deserve especial consideration in case the leaves are used 
for cattle food. From this point of view the leaves should be left in the 
field. It is certain that otherwise complete restitution is attended with 
some difficulty. The form in which the above-mentioned plant constitu- 
ents shall be returned to the soil is well established for phosphorie acid 
and magnesia, and partly for nitrogen. Superphosphates, with greater 
or less content of phosphoric acid, or with addition of a nitrogenous 
element, and basic phosphatic slags, are of universal application. As 
has been shown by direct investigations, the magnesia is nearly all 
returned in the press cakes from the factory, though a more uniform 
distribution than is thus secured is much to be desired. 

The soil ingredients most essential for the successful production of 
sugar beets are nitrogen, phosphoric acid, potash, lime, and magnesia. 

Most soils contain a sufficient quantity of magnesia, and the press 
cakes from the factory, which should be returned to the soils, will sup- 
ply any deficiency. The same is true in regard to lime, although there 
are some soils in which the supply of lime is naturally deficient. Such 
soils would be benefited by an application of land plaster, burned lime, 
phosphatic slags, or ground shells. Phosphoric acid and potash are 
supplied in the form of ordinary commercial fertilizers: the phosphorus 
as ground bone, superphosphate, and basic slag ; and the potash as kainite 
or other salt. Of the various potash compounds found in natural 
deposits, all are useful. Preference is due only to compounds with 
organic substances. Consequently the molasses, or its residue after 
distillation, and the liquors of the molasses working processes, all rich 
in potash, are themselves very valuable materials for potash fertiliza- 
tion, and should be carefully preserved for such use. It must not be 
supposed, however, that the demand for potash will be satisfied by return- 
ing to the soil the molasses from the crop of beets in the form of waste 
products. Aside from the leaves, for which if taken from the field a 
largely increased potash return must be made, the molasses itself does 


SR PUREE RR 








PEGE YT 








15 


not represent the entire amount of potash taken. Factories which 
produce raw sugar sell with it also potash, and in all factories the 
waste waters carry away potash compounds sufficient to account for 
the difference between the amount of potash in the beets and in the 
molasses. 

Phosphoric acid is best supplied in the form of ground bone, super- 
phosphate, or basic slag from steel factories. 

Nitrogen may be supplied in the form in which it exists in ground 
bone or from the refuse of the slaughterhouses in the form of dried 
blood and tankage, or as cotton-seed meal or oil cake, or as nitrate of 
soda, sulphate of ammonia, etc. The simultaneous application of stall 
manure and nitrate of soda is not advisable by reason of the possible 
loss of nitrogen due to the development of denitrifying ferments. 

As to the relation which the quantity of material returned to the 
soil should bear to the quantity abstracted by the beet it may be said 
in general that it is desirable to return as much nitrogen, from one and 
a quarter to one and a half times as much potash, and two and a half 
times as much phosphoric acid as have been removed by the roots. 
Greater additions of potash and phosphoric acid have no disadvan- 
tageous effects upon the crop. Direct investigations in regard to the 
relation between the sugar and potash in consecutive crops for many 
years have failed to give the least ground fora contrary conclusion. 
But it must not be expected, on the other hand, that increasing fertili- 
zation, especially potash fertilization, will produce proportionately 
increasing crops, as has been asserted by some. 


EFFECT OF NITROGENOUS MANURES ON THE QUALITY OF THE BEET. 


The opinion has generally prevailed among beet growers during late 
years that heavy nitrogenous manuring, especially with nitrate of soda, 
produces no injurious effect on the quality of the beet. This opinion 
was based on the fact that in such beets the sugar per cent was only 
slightly diminished. Nevertheless the quality of a beet may be impaired 
even with little or no diminution of the sugar content by reason of the 
increase of the percentage of nonsugars present. 

In this respect it has been shown that heavy manuring with nitrog- 
enous substances greatly injures the quality of the beet for sugar- 
making purposes. The apparent coefficient of purity of the juice is 
also frequently misleading, since no account is taken of the nature of 
the nonsugars present. 

The real purity of the beet is also to be distinguished from the 
apparent purity of the juice. The real purity of the beet is obtained 
by dividing the percentage of sugar in the beet by the total solid 
matter in solution therein; the apparent purity of the juice by dividing 
the percentage of sugar therein by the apparent percentage of solids 
as indicated by the specific gravity. Judicious fertilizing with nitrate 
of soda, however, is beneficial, and this form of nitrogenous fertilizer 
is in many respects the best known for beets. 
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ROTATION. 


Beets do best after wheat or some other cereal. It is true that soils 
on which beets have not been grown, as the soils of this country, may 
produce beets for several years without harm, Nevertheless, proper 
rotation is always desirable. 





Fic. 6.—Subsoil plow. 


A good scheme of rotation is, first, wheat; then beets; then clover, one 
crop of which is cut for hay and the second crop plowed under; then 
potatoes, wheat, and beets in the order mentioned. By this method, and 
a judicious use of stall manure and commercial fertilizers, the fertility 





Fig. 7.—Cultivator. 


of the soil can be maintained and even increased. Beets should follow 
wheat or other cereal crop, because this crop, being harvested early, 
leaves the ground ready for late autumn plowing, a prerequisite to 
successful beet culture. 
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PREPARATION OF THE LAND FOR PLANTING. 


The field in which beets are to be planted should be selected and 
plowed in the late autumn to the depth of at least 9inches. The plowin 
each furrow should be followed by a subsoiler, which will loose): ‘he soil 


ae 





Z ——— 


—— Z 
Fig, 8.—Seed drill. 


to the depth of 6 or 7 inches more. A convenient subsoil plow is shown 
in fig. 6. Each field to be planted in beets should thus have the soil 
prepared by thoroughly loosening it to the depth of from 15 to 18 inches. 





Fia. 9.—Seed drill. 


The land, being exposed through the winter, becomes quite mellowed, 

and in the spring can be prepared for planting by a simple treatment 

of the surface. This is done after plowing by a thorough surface 
12485—No. 52 2 
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cultivation until the surface of the soil is reduced to perfect tilth. The 
large cultivator shown in fig. 7 can be conveniently used for this pur- 
pose, followed when necessary by a harrow and roller. It is desir- 
able, however, that each portion of the field to be planted should be 
thoroughly prepared immediately before the planting takes place. For 
instance, if the planting is to be made on a given day, the soil should 
be thoroughly prepared on the previous day. Thus all weeds and 
grasses which have started to grow are killed, and the beets have an 
even chance with the weeds for growth. If, on the other hand, the soil 
be prepared a week or even a few days before planting, the weeds and 
grasses get a good start, and it is difficult to free the beets therefrom, 


ow 


Fia. 10.—Hand seed drill. 


PLANTING. 


The beets may be planted either by hand or by drill. Hand planting 
may be practiced when a very small plat is to be put in beets, but 
where a field embracing several acres is to be planted it is not conven- 
ient. In such cases planting by drill is best. Almost any garden drill 
can be adapted to use with beet seed. Special drills for sugar-beet 
seed are made by many manufacturers of agriculturalimplements. One 
is shown in fig. 8. The form of drill represented in fig. 9 may also be 
used. In planting by drill it is necessary to use from 15 to 20 pounds 
of seed per acre; in planting by hand from 10 to 15 pounds will be 
found sufficient. 

Another very convenient hand drill, which is especially fitted with 
a beet-seed dropping apparatus, is shown in fig. 10. This machine marks 
and excavates the row, drops the seed at any required distance, and 
covers it. 
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The beets should be covered to the depth of from one-half to 14 
inches, according to the state of the soil. Ifthe soil be moist and in 
excellent condition, the beet seed should not be covered more than 
half an inch. If, on the other hand, the soil be very dry and early 
rains are not probable, the seed should be covered to the depth of 14 
inches. 

In large cultures it is often important to be able to plant more than 
one row of beets at a time. For this purpose the planter shown in the 
accompanying figure (11) is convenient. The machine is adapted to 
planting four rows at a time. The runners can be adjusted at any 
distance from 16 to 20 inches apart and the quantity of seed planted 
can be varied from 15 to 25 pounds to the acre. 

In planting by hand or by drills an effort should be made to distribute 
the seeds singly and at equal distances apart. 





Fig. 11.—Seeder for four rows. 


TIME OF PLANTING. 


Beets should be planted as early in the spring as possible. Experi- 
ence has shown that the early planted beets almost uniformly produce 
a larger yield and with a higher content of sugar than the late planted. 
No exact date can be fixed which would be suitable to all localities. In 
inost of the localities in the beet area of the United States it will not 
be found practicable to plant earlier than the first week in May. In 
exceptional seasons a part of the sowing may be accomplished in April. 

On the Pacific Coast, especially in central and southern California, 
the sowing can take place at a much earlier date. At Chino planting 
has been practiced in December with favorable results. In 1895 one 
acre of beets planted in the autumn yielded at the rate of 124 tons 
per acre, with an average sugar content of 15.2 per cent and a purity 
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of 81.5. In the same field 8 acres planted in the spring yielded only 
5 tons per acre, with an average sugar content of 14.7 and a purity 
of 80.5. It was observed, however, that the autumn-planted beets 
had a higher content of marc than those planted in the spring. Under 
date of January 4, 1897, the agricultural manager of the Chino Beet 
Sugar Factory wrote that he had planted 5 acres of beets on the 
21st of December and that they were then well out of the ground. 


f 


0 


? 


i 


Sa 























° sree 


i Cups EAGE! 
me fF 
i: » tet 


3s © : 
sae oe ae ene nene 





He further stated it to be the intention of the company to continue 
the experiments of autumnal and winter planting on a more extensive 
scale, and to plant from 50 to 100 acres in the autumn of 1897 for the 
harvest of 1898. In this connection it must be remembered that the 
climatic conditions of the Chino Valley are almost unique for beet-sugar 
production, and the experience there obtained would not be applicable 


to beet sugar regions in general. 











21 


CULTIVATION. 


As soon as the beets are large enough to mark the rows, cultivation 
with the horse or hand hoe may be commenced. Cultivation must not 





Fie. 13.—Hand hoes. 


be postponed, except for unfit condition of the soil, if the grass and 
weeds appear above the ground at the same time with the beets. 
When large fields are cultivated, the horse hoe, a model of which is 








Fia. 14.—Cultivator for beets. 


shown in fig. 12, may be used. For smaller fields a similar apparatus 
drawn by hand may be employed. Convenient instruments of this 
kind are shown in figs. 13 and 14. This plow frees the spaces between 
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the rows of beets from weeds and the guard prevents the growing beets 
rom being covered by the loose soil. 

When the beets show four leaves the process of thinning should take 
place. If the rows be 18 inches apart a vigorous plant should be left 





Fia. 15.—Deep cultivator. 


every 8 or 10 inches. Careful selection should be made and all the 
puny plants destroyed. It is better to save the vigorous plants even if 
regular intervals are not preserved, but no space should be left greater 





Fig. 16.—Plow cultivator with harrow. 


than from 12 to 15 inches inextent. Much of the thinning work can be 
done with a narrow hoe, but where the plants are very close together, at 
the place where the preserved plant is to grow the work must be done 
by hand. _It is well to give a thorough hand hoeing at the time of 
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thinning, and the subsequent cultivation, in most seasons, may be car- 
ried on with horse power. 

When the beets are more advanced a few deeper cultivations may be 
desirable, and for these any good narrow cultivator may be used for 





Fia. 17.—Beet cultivator for irrigated lands. 


single rows or wider ones for double rows, The instruments shown in 
figs. 15 and 16 will be found suitable to this kind of work.* 
The cultivation in all cases should be conducted for the double pur- 





Fia. 18.—Cultivator for four rows. 


pose of keeping the beets entirely free of weeds and for preserving 


* Many of the illustrations of cultivators are from electrotypes kindly furnished 
by 8S. L. Allen & Co., of Philadelphia, the Moline Plow Co., and the Deere-Mansur 
Co., of Moline, Il. 
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the proper tilth of the surface of the soil. It may be said that at least 
once a week during the period of growing, lasting from six to eight 
weeks, the beet field should be cultivated. If the season be very dry, 
more frequent cultivation will be found useful. The final cultivation 
should leave the soil practically level. During cultivation care should 
be taken not to injure either the leaves or the root of the beet, and 
when the foliage of the growing crop begins to cover well the surface 
of the soil cultivation may be suspended. 

In growing beets with irrigation a cultivator which will prepare tie 
furrow for conducting the water over the field is important. Such a 
machine is shown in 
fig. 17. In this in- 
strument the plow 
shown in the rear of 
the cultivator teeth 
forms the required 
furrow and can be 
set at any required 
depth. In ordina- 
ry cultivation, the 
brush harrow shown 
in fig. 16 can be in- 
serted in place of the 
plow. 

In the cultivation 
of large areas, an 
implement adapted 
to four rows of beets 
is desirable. Such 

an implement, how- 

NK. RK KG ever, can not be ad- 
\\ K ~ SS vantageously used, 
except in those cases 
where the _ beets 
have been sown with an implement of similar capacity. The cultivator 
shown in fig. 18 is suitable for use on fields which have been planted 
with the seeder shown in fig. 11. The gangs of plows in this instrument 
are easily handled by aspring lift, and by reason of a peculiarity of con- 
struction run steadily and adapt themselves exactly to the rows, so that 
the operator needs only to watch a single row. Different kinds of 
implements for cultivation can be easily attached so that the instrument 
can be used as a plow, a cultivator, or a harrow. 





Fic. 19.—Correct position of a mature beet in the soil. 


POSITION OF THE BEET IN THE SOIL. 





It is important not only that a sugar beet should be of a proper size 
and shape, but also that it be grown in such a manner as to secure the 
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protection of the soil for all of its parts except the neck and foliage. 
The proper position for a beet to occupy in the soil at the end of growth 
is shown in fig. 19. This position can only be secured for the beet by 
growing it in a soil sufficiently pervious to permit of the penetration of 
the taproot to a great depth. It is for this reason that subsoiling in 
the preparation of a field for the growth of sugar beets is of such great 
importance, If the beet, in its growth, should meet a practically 
impervious subsoil at the depth of 8 or 10 inches, the taproot will be 
deflected from its natural course, lateral roots will be developed, 
the beet will become disfigured and distorted in shape, and the upper 
portion of it will be pushed out of the ground. Experience has shown 
that the content of sugar in those portions of a beet which are pushed 
above the soil is very greatly diminished. 


COST OF GROWING BEETS. 


The cost of growing an acre of beets depends on so many varying 
factors as to render it impossible to give an estimate which is reliable 
for every locality. The differences in rent of land, cost of labor, meth- 
ods of culture, etc., require that any estimate which may be given 
should be revised for almost every series of conditions. The following 
estimate of maximum cost per acre is based on the supposition that land 
is worth $75 per acre, labor $1 per day, the yield 15 tons per acre, and 
that the distance to the factory is not greater than 3 miles: 





PeGith Of TANG <6 <cla rains ls ce nocicncs ssagen aces <adaescuew os agacunsdenegeueees $5. 00 
Plowing, subsoiling, and preparing for planting............--...----.-----.- 5. 00 
WP OUGINEOUN via dss oh a hanese den deddcadousasicas caccusdudweus paamasmaamauecenee 10. 00 
CORN ORGOME 6 reso hasa oot ce cleanse cviquasiasaewab awe canuadaeteenscassanale 2. 25 
PURGING Ss om tos ocak mowacn cows nwuccsecas seh Pi cen ae cea gn ase eer e eee 1.7% 
TAQORG BUG CHANING 53.5). cnc as dean Vaca deeacecaedicsas deen nasaeesagsoaceauas 6. 00 
Cultivating with horse hoe five times: .... .,.- .--- 22250 sccscccecccsscssees TROD 
PINERONIMME So cocccdea isk vaca canas-s onde caaacdudenusc cine uaastwae cemaea eens 5. 00 
OUNIMNG ooi5 a on ca cocecc Capac eeawe <oca aces boca ne nhs cesaae dane keane eens 12. 00 
Delivering to factory sack soc ccc tien cose sccs cscs geasweenacensavansebeaaeesae eee 

WOM: cadcucstaudersceda cause cca acas aoa acne oo aie sa aae Meee ea eo 
Value of 15 tons, at $4.50. ........-- spaiuls- Sawa Soro weal aor ome ales an Oe 


In the above estimate uiliah ee inc winded the onus of the best culture 
and a reasonable application of fertilizers. It is probable that the actual 
cost to our farmers for the first few years of the beet industry will not 
exceed $45 or $50 per acre and in many instances will fall below these 
figures. The price paid for the beets is dependent on many local con- 
siderations, but chiefly on the selling price of sugar and the richness of 
the beet. ; 

It is reasonably certain, accidents of season aside, that a net profit 
of from $8 to $15 per acre may be expected from the proper culture of 
the sugar beet in localities near a factory when all the conditions of the 
best methods of culture are fulfilled. 

In contrast with the above estimate, the actual figures submitted by 
Mr. J. Thomssen, of Hall County, Nebr., in a letter published in the 
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Prairie Farmer, on the 3d of January, 1891, are given. The cost is 
given for a field of 5 acres, and the items are as follows: 





PRI WANE, 1b WI ELROLO «os coe os casos ccsee gaceacdletmecd tameeewsesue sarees $5. 00 
POM aM eI OUTROS SRG D 5c :cia oo /2/n a ac ciaiss.c snevviowiaseseeses soueascsen ceavsate 6. 25 
Rolling twice, once before and once after planting............--..-----..---- 1.50 
Pianting by. NANG, A670: CONLS POP ROLE =. 06 65250 cen seen socdelnwe scasvecede 3.75 
Cultivating with NOG, Ab 10 CODIB) va cccececcicccacccslsedeteecdost saceaeniones 3.75 
NAMEN RICO NO oo eno on oad orarictctinia' secede a Sa Se wee es eidmeaenaecewee 50. 00 
Hoeing by hand three times onl weeding necessary at time of hoeing ...-...- 90. 00 
Cnitivating by horse twice, at 75 conte: ... 2... c2.2.0 5s. sccdccce cece seccscesees 7.50 
Running over with hoe to clear from remaining weeds ...............-..---- 3.75 

BME Seana nae wine Si SU cols Smclai cera adie Jelae ane waaee ap wade caalecsine seo See 171.50 


Dividing this by 5 gives a total of $34.30 per acre. 

As will be seen from the above, Mr. Thomssen makes no allowance 
for the rent of the land, used no fertilizers, and gives no estimate of 
the price of seed and of the expense of harvesting and hauling to the 
factory. But his field was hoed by hand three times, which with the 
proper implements is more than is necessary, one good hand hoeing 
being as a rule sufficient. 

The average cost per acre of raising sugar beets in France is given 
by a French statistician as follows: 





PATAU AT MAINO ooo seeds Jowena dcesees oeeucccunoc gas cieWanlnesewoneus $28. 00 
OMIT CIAL MONGREL OES os ct6o05:c<icemicaevs =) Soe vas ersciesalsseecceoseineenseee one i2. 00 
MOM Ge SUMMED rw in sa aiccs Jcakewscese ee tise sos asec ccsop cases senses - 60 
Sa MOMMINR MOR SIEOER 6 vine since sincincc'ssseics osioeeeswtsee ssa esstseesecsenseeis 25 
RMB RIOM EIR nahin «nu ainisacsiecee saa suib ass noses desauneesetsacaoss see aade 1.60 
PIMDDOW INE AUT TOMINS AICOL NOW oo5050.25 626 36 oso ssccinsisseceresdcieveeveasee - 64 
Plowing and subsoiling ................-.--.. ‘vache Dadaancaueeane el eoaee es 4.60 
MP MINNNMWIRDE Coos acdc is5 cecisseinuey, soos cstapeslsacaiccicescdadeawacuauecee 2.00 
ME AEE WIOGS 5.5 ois one cid was Kosice sxe mca/cos ees-cese seas wactiaesntascelsvar aces - 64 
OS PM ONIO 5s sioiccacscigneccinccepaccs Meee cdisheaccesnecee ce cgseeusuae veces . 64 
MUMS INEMOG in oc cacnica couse lacwetecues sen ecnieaew sides ouanecsac sep adeamawe 3. 00 
REE ONION fo 55. ole ang olen amas «vases oSac oe sass ssiasss ands aaseases Coeules . 80 
Harrowing and rolling again ....................---- Pore ye ee yee - 64 
PEDO 1AMOR NOCEIP WAG MOIEG no soc icec.sic oss Sakenine victivwecs.caceopaadacdecsen 2.40 
PAGE UUPNANO 20 ac neo ah Saiew alos oe eset sowie Sse toda lseinesssicseniscseeonacnse 4.80 
eat RID PN UOINO oc 0c sian a'y stows oe < e sa's ania sui aesseasisacesoeeed <ealeas 1.60 
Re NO RODIING, ooo sco cn cc.ccee a sscivecsise cols tscwsts -saecsegavenscsones 4.00 
MMOD IMULDIN, occ diecaducaeacicn oscossceas cease clepy es sawesls es ceseee@na 2.40 

POM of eos tener ne owen ease araatises ed oaseelcus sca cane eeeee esos 70. 61 


To the figures stated are still to be added the rent of land and taxes, 
$9.40, making a total of $80.01. 

The charge for harvesting is very low, from the fact that the topping 
of the beets is performed by women and children, whose average wages 
probably do not exceed 15 cents a day, much less than the estimates 
call for in this country, while the charge for fertilizers is much greater 
than would be necessary in this country for some years to come. The 
average yield per acre obtained by M. Du Fay, the author of the above 
estimate, was 25 tons, showing the value of intensive farming. 
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Mr. J. B. Henderson, of Alameda, Cal., reports the cost of growing 
and harvesting 10 acres of beets at $614.83, or $61.48 per acre. His 
farm is 1 mile from the factory. Mr. A. I’. Richardson, of the same 
place, residing 2 miles from the factory, reports the cost of 11 acres at 
$535.04, or $48.64 per acre. 

It is not wise to underestimate the actual cost of growing the beets, 
for this will lead the farmer to expect large profits which often in prac- 
tice give way to actual deficits. 


HARVESTING. 


The time for harvesting varies in different localities. In southern 
California the beets planted in February are ready for harvesting in 
August. In general it may be said that beets planted the first week 





Fic. 20.—Beet harvester for one row. 


in May will be ready for harvesting about the first of October. Har- 
vesting should be postponed to as late a date as possible, provided the 
beets are in no danger of a second growth and are not exposed to a 
freezing temperature. The leaves of the ripened beet change from a 
rich to a yellowish green, become drooping and applied closely to the 
earth, and many of them die. The harvesting is easily accomplished by 
first loosening the beets in the soil and then removing them by hand. 
For loosening the beets, the apparatus shown in fig. 20 may be employed. 
It can be used to advantage only when the rows are perfectly straight 
and the beets of a reasonably uniform size. The teeth of the appara- 
tus are sunk deep enough into the earth to catch the beet below its 
middle part. In moving forward the plow catches the beets between 
its two prongs, which approach more nearly together in the rear, and 
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on account of the angle at which the teeth are fixed the beets are lifted 
and the tap roots broken. After the passage of the harvester the 
beets are easily lifted out of the ground by means of their leaves. 

The next operation consists in removing the neck. This is done by 
a large knife and the top of the beet, called technically its neck, is cut 
off so as to remove, with the top, that portion of the beet to which the 
stems of the leaves have been attached. 

The object of removing this portion of the beet is to prevent the min- 
eral salts, which have accumulated in large quantities therein, from 
entering the factory. These mineral salts exercise a very deleterious 
influence on the crystallization of the sugar, and, therefore, should be 
removed. They are well fitted for feed or for fertilizing purposes and 
are of more value when left upon the soil than when removed to the 
factory. The neck is also much less rich in sugar than the other parts 
of the root. 

The removal of the tops of the beets is a tedious process which, in 
Europe, is performed by women and children. In this country the proc- 
ess of topping the beets will prove much more expensive than in Europe. 
It is probable that some mechanical device will be invented by which 
the beets can be topped, thus saving a large expense. So far as known 
at the present time, however, this process has not been successfully 
accomplished by machinery and the topping must still be done by 
hand. 

When the beets are topped they are thrown into piles, and the tops 
thrown over them as a protection from the sun or frost until they can 
be delivered to the factory. 

The beets are best delivered to the factory in dump carts, which per- 
mit of their quick unloading. It is not customary for the farmers to 
silo their beets except in the simple manner indicated above. 


SILOING. 


When beets are to be preserved for manufacture during the winter 
months or for the production of seed, they must be carefully protected 
against frost. The simplest and the easiest method is to place them in 
piles and cover them with earth, not too deeply, for if they become too 
warm in the silo they rapidly lose in sugar content. When first siloed, 
say, about the 1st of November, they should be covered with only aslight 
layer of earth; as the cold of winter becomes more intense this covering 
can be increased. In some localities only a slight covering of straw is 
necessary to protect the beets, as, for instance, in California. In other 
localities, such as in the Dakotas, Minnesota, and Wisconsin, it is 
probable that the beets would have to be covered to the depth of 2 feet, 
or even more, to protect them from frost. 

Siloing 1s usually done by the factory, as it would be very inconven- 
ient to deliver beets from a distance to a factory in the middle of winter. 
In most localities in the beet-sugar region of the United States it is 
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probable that the harvesting and delivery to the factory could be 
entirely completed by the middle of November; although in some sea- 
sons there would be no danger whatever in leaving the roots in the 
earth until the 1st or even the 10th of December, while in California 
there is no danger at all of freezing. 

In the construction of large silos due regard must be had for proper 
ventilation to avoid the danger of heating. 


PRODUCTION OF SEED. 


The production of seed is one of the most important operations con- 
nected with the sugar-beet industry. On the care and skill which are 
displayed in this process depend the improvement and maintenance of 
the sugar-producing qualities of the beet. There are many different 
methods employed for producing seed which will grow the richest sugar 
beets, but there will be mentioned here only a general outline of the 
principles which underlie the process. The beets which are to be pre- 
served for seed are called “mothers” and are carefully siloed in the 
manner already indicated. They are selected at the time of harvesting 
from specially grown beets or from fields of beets which have shown 
particularly good qualities on analysis. The size of the roots selected 
for mothers should be about the average of the best sugar beets, 
viz, from 20 to 24 ounces. Smaller beets than these might showa 
higher content of sugar, but it is not wise to produce a race of small 
beets by selecting the seed from the very smallest and richest beets 
grown. The weight of the mothers having been decided upon, the beets 
are next selected for their shape and external appearance. Those regu- 
lar in shape and smooth in external form are to be preferred. Roots ot 
irregular shape or with more than one tap root should be rejected. 

The beets to be preserved for mothers are harvested with unusual 
care to avoid injury. The neck is not cut away, but the leaves are 
removed by cutting off the stems without injuring the neck of the beet. 

The siloing should be of such a nature as to entirely protect the beets 
from frost and yet prevent their growth in the silo until the spring. 
The beets are removed from the silo at an early date in the spring and 
are immediately subjected to analysis for the final selection. In the 
early days of the beet industry the beets were selected almost solely on 
account of their specific gravity. A brine of a given strength was 
made, and the beets, thoroughly cleaned of dirt, were thrown into this 
brine. Those which would sink were selected as mothers, while those 
that would swim were rejected. At the present time the final selection 
depends upon the actual determination of the density of the juice of 
the beet which is to be selected as a mother and the estimation of its 
content of sugar. For this purpose a cylindrical piece of the beetis— 
removed by an appropriate instrument cutting diagonally through the 
center of the root. This piece may weigh 2 ounces or even more, and 
its removal does not injure the beet for germinating purposes. The 
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juice is expressed from this piece, and its specific gravity determined 
by weighing in it, at a given temperature, a silver button of known 
weight. 

The sugar content of the juice is next determined by means of the 
polariscope. By means of these two data the qualities of the beet for 
the production of seed are determined and also the coefficient of purity ; 
that is, the number obtained by dividing the percentage of sugar in the 
juice by the percentage of solid matters as determined by its specific 
gravity. In mother beets this number is found somewhere between 80 
and 90. The actual method of selection may be illustrated as follows: 

The operator determines beforehand his standard, which in most cases 
will consist of a juice containing from 16 to 18 per cent of sugar with 
a purity of 85. The beets are analyzed separately, and are at once 
divided into two great classes, namely, those in which either the con- 
tent of sugar or the purity falls below the fixed figure, and, second, 
those in which these two numbers are equal to or exceed the fixed 
figures. It is sometimes customary to divide these two classes into two 
portions, viz, those roots in which the numbers are equal to or slightly 
above the standard, and, second, those which show exceptional rich- 
ness. It is alsocustomary to number each beet, and the number, which 
iscut into the skin of the beet, will remain legible even after the seed 
has ripened. Some of the producers of sugar-beet seed preserve the 
product of seed from each beet by itself, and do not use it to inaugurate 
the production of seed for commerce until it has received an additional 
year’s trial. 

By this method of careful, scientific culture the sugar beet has been 
raised to its present high standard of excellence, and is only maintained 
at this standard by constant supervision, such as has been indicated. 

The sugar-beet seed produced by the above method is not sold for 
planting fields, but is used solely for the production of the seed of com- 
merce in the fourth or sixth year from the parent, as the case may be. 


DOMESTIC PRODUCTION OF BEET SEED. 


The commercial production of beet seed of pure pedigree and high 
grade has not been practiced to any extent in this country. The Ala- 
meda Sugar Company, and perhaps others, have grown large quanti- 
ties of beet seed for domestic use, but without any attempt to sustain 
or inerease the sugar content by scientific methods. During the con- 
tinuance of the experiment station at Schuyler, Nebr., a system for the 
production of beet seed of exceptionally high grade was inaugurated, 
embodying all the best features of the methods practiced in Europe. 
In the spring of 1893, 6,370 beets, which had been carefully selected on 
account of their physical characteristics and preserved in a silo over 
winter, were subjected to an analysis by removing a cylindrical core 
from each one and subjecting the expressed juice therefrom to a chem- 
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ical examination. Allowing for the deterioration in sugar content 
which the beets had suffered during storage, the beets were classified 
by the analysis as follows: 





No. I grade | No. Il grade | No. IIT grade 
(sucrosel18 | (sucrose 15 (sucrose 12 




















Variety per cent to 18 per to 15 per 

| upward). cent). | cent). 

Beets. | Beets. | Beets. 
Original Kleinwanzlebener ......++....sese08 sckeccueeuse cs 36 465 448 
Dinge's Midi wanslenener « «<2 oc2sescccescsccencccccccsns 6 483 1, 176 
V eecia’s NIMES se sacue stints cedancisacdsrweasas ena ce 8 600 784 
BUEN G var as0es sendesansscAcaenavadd ugedeasedetuddansaseadasaeamucar FéSeaacuensnaae 476 
DORROOR 6 occ cin ecnedascbhseccncdccedsansecaseccdnetuessdensselstunsexcesancs lokdseuscansens 168 
Elite Kleinwanzleboner ......cccccccccccccccccccccccccscees | 7 | 210 224 


57 | 1,758 | 3, 276 





The following statement gives the proportion of the beets analyzed 
which was eligible for propagation uses: 





Number of beets of all grades accepted for seed production..........-.--..--- 5, 091 
Number of beets of all grades rejected for seed production..............----- 1,179 
PRGUMM oo coos scene acaclada weno cgieas yondtedasadasecce aan ta ote aoe 6, 270 


By reason of the abolition of the experiment station the beet seed 
produced was sold to the highest bidder for a sum which would have 
brought for an acre under cultivation $172.60. 


PRODUCTION OF COMMERCIAL BEETS FROM A SINGLE HIGH-GRADE 
BEET. 


In the case of any given variety let it be assumed that a beet is 
found of good size and typical form, and exceptionally rich in its sugar 
content and the purity of its juice. The production of beets on a 
commercial scale from this single individual is accomplished as follows: 
The beet is preserved over winter and planted in the spring for the 
purpose of producing seeds. The seeds thus obtained are carefully 
freed from all imperfect and defective individuals, and planted the 
second year for the production of beets. Several hundred beets will 
likely be produced from this sowing. All of these beets which are of 
proper size and good form are preserved during the winter. In the 
third spring they are all carefully analyzed and those which reach or 
exceed a given standard are planted for the production of seed. Itis 
probable that during this third season several thousand beets will be 
produced. All those which are of typical size and shape are preserved 
over the winter and the fourth spring are planted without anaiysis, 
and the seed which they yield will be of sufficient quantity to be used 
in the fifth year for the production of sugar beets for the factory. It 
is seen by the above statement that at least five years are required for 
the production of seed for commercial purposes from any high-grade 
individual beet which may be selected for the purpose. 
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COMPARATIVE VALUE OF DOMESTIC AND FOREIGN GROWN SEED. 


In the experiments conducted at the station at Schuyler during the 
season of 1893 a comparison of the beets grown from domestic and 
imported seeds was made, The plants from the native-grown seed 
seemed to have a higher vitality and to be better suited to the climatic 
conditions of the locality than those grown from imported seeds, They 
showed during the growing season a more abundant foliage and a 
better development of roots. This higher vitality and quality of the 
beets grown from domestic seed illustrate in a forcible degree the 
advisability of the production of our beet seed at home. Even grant- 
ing that seeds produced in foreign countries have the same high quali- 
ties, it must be admitted that their vitality is in danger of being very 
much diminished during shipment to this country. The moist air of 
the holds of the ships in which they are transported often produces 
moldiness and incipient germination, which tend to greatly diminish 
their value. Not only did the beets produced from the home-grown 
seed have a higher percentage of sugar, but they also afforded a higher 
yield per acre, as determined in the experiments at Schuyler. The 
mean tonnage per acre from the home-grown seed was 21.1 and from 
the imported seed 17.9. The mean pounds of sugar produced per acre 
from the home-grown seed was 5,891 and from the imported seed 5,185. 
This shows an increase of about 12 per cent in the actual quantity of 
sugar per acre when domestic seed was used. These data should be 
carefully studied by all those who are interested in the production of 
beet sugar in this country. Perbaps the time has not yet come for the 
inception of such a work, but it is evident that it will not be long 
before there will be a demand for the establishment in this country of 
a plantation or plantations devoted exclusively to the production of 
beet seeds on the most approved scientific principles. 

The quantity of seed required to plant an acre is about 15 pounds. 
The approximate number of acres planted to beets in this country 
during the season of 1897 was 45,236, requiring 678,540 pounds of seed. 
It is evident that there is already an opportunity for the active opera- 
tion of a large plantation devoted exclusively to the production of beet 
seeds for domestic use. 

Another point to be considered is that by the importation of foreign 
seeds there is danger of introducing those fungoid and microbian dis- 
ases of beets which have produced such ravages in Europe. 
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MANUFACTURE OF SUGAR. 


The process of making sugar from the sugar beet interests the agri- 
culturist only from secondary considerations, and will be treated in the 
briefest possible manner to give an intelligent idea of its methods. 

The beets are first conveyed to washing tanks provided with suitable 
apparatus for keeping them in motion and transferring them toward 
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the end from which the fresh water enters, in order that the whole of 
the adhering soil, together with any sand and pebbles, may be com- 
pletely removed. By a suitable elevator the beets are next taken to a 
point above the center of the diffusion battery, shown in fig. 21, whence 
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Fia. 21.—Diffusior battery. 


they are dropped into a slicing apparatus, by which they are cut into 

pieces of greater or less length and of small thickness, and of such a 

shape that when placed in the cells of the battery they will not lie so 

closely together as to prevent the circulation of the diffusion liquors, 
12485—No, 52-3 





i 
{i 
| 
! 
i. 
i 
i 


3+ 


When the cell is full of the sliced beets it is closed and the hot juices 
from the cell last filled are admitted and allowed to remain in contact 
with the cuttings for a few minutes. From 10 to 12 cells are thus kept 
in use. While one is filling another is emptying. The fresh hot water 
is always admitted to the cell next to be emptied and passes in succes- 
sion through all the celis under pressure, until it reaches the one last 
filled. From this cell a quantity of juice is drawn off each time and 
sent to the clarifiers for purification. 

The extracted cuttings are carried through a press by which a por- 
tion of the water is removed, and they are then in suitable condition 
for use as cattle food. The diffusion juices obtained as above described 
are carried to carbonatation or saturation tanks, where they are treated 

















yy o yyy i YY 
VY VW). YW, 


Fic. 22.—Multiple-effect evaporating apparatus. 


with from 2 to 3 per cent of their weight of lime and afterwards with 
carbonic acid until nearly all of the lime is precipitated. The slightly 
alkaline juices are next passed through filter presses, by which the pre- 
cipitated lime and other solid matters are removed. The juices pass 
next to a second set of carbonatation tanks, in which they undergo a 
treatment in each particular similar to the one just mentioned, except 
that the quantity of lime added to the second saturation is small as 
compared with that of the first. The refiltered juices from the second 
saturation are carried to the multiple-effect vacuum pan and reduced 
to the condition of sirup. 

The multiple-effect evaporating apparatus (fig. 22) consists of a series 
of pans connected en suite in such a manner as to secure a progressively 
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higher vacuum in each one. The thin juices enter the first pan, where 
they are evaporated at a vacuum represented by a column of 8 or 10 
inches of mereury. The steam with which this evaporation is effected 
is usually the waste coming from the engines and pumps of the factory. 
The vapors generated in the first pan enter the heating pipes of the 
second one, and are thus utilized in evaporating the somewhat concen- 
trated sirup which is drawn off from the first pan into the second one, 
where the vacuum is higher, being represented by a column of mercury 
of from 16 to 18 inches in height. The vapors which are produced in 
the second pan are 
in like manner con- 
veyed to the heat- 
ing pipes of a third 
apparatus, where 
the still more con- 
centrated — sirups 
fromthe second pan 
are conducted and 
evaporated atastill 
higher vacuum of 
from 22 to26 inches 
ofmercury. Some- 
times a fourth pan 
is employed, but 
the arrangement is 
fully illustrated by 
the above example. 
It is easy to see by 
the arrangement 
above noted that 
the evaporation of 
the thin diffusion 
juices to a heavy 
sirup is accomplished with the greatest economy, steam being admitted 
only into the first pan, and the rest of the operation being automatic, 
aided only by the pumps producing the vacuum. The sirups thus 
produced are converted into sugar in the following manner: 

A portion of the sirups is placed in an evaporating apparatus called the 
strike pan. This apparatus is very large, usually of a pear shape, with 
somewhat straight sides, and provided with a series of coils, one above 
the other, to which the steam can be admitted at will. The admission 
of steam is always so regulated that it is not allowed to enter any of 
the coils above the surface of the liquid in the pan. The portion of 
sirup first introduced is evaporated until it reaches a point of consist- 
ency which will permit of the formation of crystals. In this condition, 
if a portion of fresh sirup be quickly introduced the whole mass in the pan 


Fic. 23.—Vacuum strike pan. 
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becomes charged with exceedingly fine crystals of sugar. By careful 
manipulation and the introduction of new quantities of sirup from time 
to time these crystals are made to grow. As the pan becomes full suc- 
cessive coils of the steam pipes are brought into use, so that the boiling 
surface of the pan is gradually increased in proportion to the volume of 
its contents. In the course of a few hours the skilled sugar boiler will 
find that the pan is full and that the crystals have grown to the proper 
size. The massin the vacuum pan at this stage is extremely heavy, 
consisting of a dense mass of sugar crystals mixed with a quantity of 
molasses greater or less in amount, as the juices from which the sugar is 
made are more or less pure. The illustration of the vacuum pan (fig. 23) 
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Fic, 24.—Centrifugal apparatus. 


is from a photograph of a large pan, 17 feet in diameter and 42 feet high, 
intended for refinery use. This pan turns out 1,000 barrels of sugar at 
each strike, and the time required for boiling is about three hours. Itis 
constructed on exactly the same principles as the smaller pan employed 
in beet-sugar factories. In boiling sugar in a vacuum pan, if the highest 
possible yield is desired and no objection arises to the formation of soft 
crystals, a very high vacuum, equivalent to 29 inches of mercury at the 
sea level, is employed. At this vacuum the sirups boil at a temperature 
of from 112° to 120° F. If harder crystals, giving a somewhat less 
yield, are desired, as in the case of making granulated sugars, a lower 
vacuum, namely, from 24 to 26 inches, is employed. 

The sirups are reduced in the vacuum strike pan into sugar called 
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massecuite, which contains from 6 to 10 per cent of water. This is then 
carried directly to the centrifugals, where the molasses is separated. 

The construction of the centrifugal apparatus is shown in fig.24. A 
lining of wire gauze permits the molasses to pass outward under the 
impulse of the centrifugal motion, while it retains all the crystals of 
sugar except those fine enough to be entrained with the escaping liquid. 
The uncrystallized sirups together with the water are separated from 
the sugar by the centrifugals, and form the molasses. The molassesis 
either reboiled and a second crop of crystals obtained, or it is treated 
in various ways for separating the sugar which it still contains. One 
of these methods which has come into general use is known as the Stef- 
fen process. In this method the molasses is diluted with water cooled 
to a low temperature and treated with fresh-burned, fine-ground lime. 
The sugar in these conditions forms a chemical compound with the lime 
which is separated from the other constituents of the molasses by 
means of a filter press. The lime sucrate thus secured is beaten up to 
a cream with water, the lime precipitated with carbonic acid, separated 
by means of a filter press, and the pure sugar juices thus obtained 
boiled for the separation of the sugar as described above. Another 
method consists in removing the salts which prevent the erystalliza- 
tion of the sugar by the process of osmosis. <A third method consists 
in the use of strontium or barium hydroxid for the separation instead 
of lime salts, as in the Steffen process; or, finally, the molasses may 
be subjected to fermentation and distillation and the sugar therein 
contained thus converted into alcohol. 

The above is the general method used for the manufacture of raw 
sugar. If refined sugar is to be made, the juices and sirups are passed 
over bone black to decolorize them and the crystals are washed in the 
centrifugal in order to make them perfectly white. The small, hard, 
colorless crystals thus obtained when dried in a revolving drum form 
the granulated sugars of commerce. Another method consists in treat- 
ing the juices with sulphurous acid and purifying the crystals by 
washing them with sirup of varying degrees of consistency until all 
the molasses adhering thereto is washed away. 


HOME MANUFACTURE OF SUGAR. 


The question is often asked if beet sugar can not be made in a small 
way so that farmers could club together, put up a cheap apparatus, ana 
produce their own sugar. On account of the elaborateness of the 
process and the costly nature of the machinery which is necessary to 
produce beet sugar even in a small way, it is not believed that it could 
be profitably made in the way indicated. A small factory could not 
possibly compete with a large one, and hence there is no encouragement 
to be offered in the way of producing homemade beet sugar. The 
Department has no knowledge of any successful beet-sugar factory of 
this kind. There is no country producing any notable quantity of beet 
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sugar in which home apparatus costing only a few thousand dollars 
have any appreciable influence on the output of sugar. Russia has been 
cited as an exception to this rule. The output of beet sugar in Russia 
annually is about 750,000 tons. The total number of factories in oper- 
ation is about 300. The average annual output of each factory in 
round numbers is 5,000,000 pounds, representing an average con- 
sumption of 25,000 tons of beets. From these figures it is seen that 
the average size of the Russian beet-sugar factory is not greatly differ- 
ent from that of other European countries. 


WASTE PRODUCTS. 


The waste products of the factory consist of the pulps and molasses. 
The molasses is used for various purposes, either for making sugar, 
as described above, for fertilizing purposes, for the manufacture of 
alcohol, or sometimes for cattle food. The pulps make a valuable 
cattle food. They may be fed in the fresh state or preserved in silos. 
Lately extensive experiments have been made in drying the pulps and 
preserving them in the dried state, and these experiments have been 
fairly successful. It is stated that the value of the pulps for feeding 
purposes is from one-fourth to one-fifth of the value of the beets. 


COST OF MANUFACTURE. 


The cost of manufacture depends on as many factors as that of beet 
growing. Chief among these are transportation, fuel, weather, and 
labor. Perhaps the most important of these factors is the price of fuel. 
In some localities coal can be had for $1.25 per ton; in others the cost 
may reach as high as $10 per ton. 

The manufacture of beet sugar is conducted without governmental 
supervision in this country, and any exact account of its cost is inae- 
cessible. To show what it may be, with large experience and the 
highest skill and management, the mean cost of manufacture in 113 
German factories is given: 


Mean capital invested in each factory ......--.......-.---+. 222 e205 eee $193, 400. 00 


Total receipts for sugar, molasses, and pulps per ton of beets.......-..-- 
Mean cost of beets per ton of 2,204.62 pounds..........----..---. $4. 90 
Saiation Her tom or DGC c. <5 2265 Saco soo cts n Sneln cea seniey 

isabor per ton:of beets -... ....<.......--..'- 

Interest on investment per ton of beets.....--.....---.- 
Coal per ton of beets............. hee ame eee 

Miscellaneous expenses per ton of bent Bre niciat peas eae eeee eared 


Total expense of manufacture per ton 


PONE MO OL WORE oc a :S58 ocd ese lee vices vase se sceld ens sitanwelew ees 3. 26 
The mean net profit for each factory was $34,240. The price paid for 
beets, however, is in most cases fictitious, the beet growers owning the 
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factory and preferring to share in the general profits rather than to 
charge a high price for the beets. First-class beets rarely sell for less 
than $5 per ton. The Western Beet Sugar Company, of Watson- 
ville, Cal., stated that in its first campaign, 1888-89, the cost of manu- 
facture amounted to $80.80 per ton of sugar. At the present time it 
appears that with the best machinery and most economical processes 
beet sugar can be made in this country at a cost of from 3 to 4 cents 
per pound when the price of rich beets does not exceed $5 a ton. 


COST OF FACTORY. 


The cost of building a first-class beet-sugar factory is much greater 
than is commonly supposed. From the most reliable data at hand it 
may be stated that in Europe the cost of erecting a factory with the 
most modern machinery, of a capacity of at least 300 tons of beets per 
day, is about $200,000. In this country it 1s probable that, owing to 
the increased cost of transportation and the higher price of labor, the 
cost of a similar factory would be at least $250,000. As has been 
intimated before, it is not advisable to attempt to manufacture beet 
sugar with smaller factories or with machinery and appliances which 
do not represent the latest improvements. It is true that there are 
many parts of a sugar factory which have not changed much within 
the last twenty years, but even the multiple-effect apparatus, the 
strike pans, and the centrifugals, which represent the most stable 
parts of the machinery, have undergone considerable changes within 
the time mentioned. Probably one of the greatest dangers which the 
beet-growing industry in this country will meet is the tendency to 
begin the erection of a beet-saugar factory with cheap, old, or worn-out 
apparatus and appliances and without a proper technical study of all 
the questions involved. The avoidance of this danger is atl the more 
difficult, because there are few engineers in this country who have 
devoted themselves to the study of this problem, and European experts 
are not likely to understand and comprehend American methods and 
measures. Numerous inquiries have been received at this office for 
directions for making beet sugar with such appliances as a cider mill 
and sorghum-molasses evaporator might afford. It would not be right 
to encourage the attempt to manufacture beet sugar in any such way. 
Nor should the expectation be excited among our farmers that they 
will be able to make a crude article of sugar which they can dispose of 
to a central factory for refining purposes. It is best to recognize at 
the very first the great expense which attends the erection of a sugar 
factory and the necessity for its meeting every modern requirement. 
Beet growing and beet-sugar manufacture are two distinct industries, 
but with common aims and interests. 
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COOPERATIVE FACTORIES. 


It is seen from the foregoing paragraph that the farmer can have no 
reasonable hope of successfully establishing a home beet-sugar factory. 
It is not just, however, that he should be deprived of any cooperation 
in the process of manufacture or a reasonable share of the profits aris- 
ing therefrom. The methods which have been practiced in Europe for 
securing these results are probably those which will eventually come 
into use in this country. The cooperative sugar factory, in which the 
farmers growing the beets hold a part or the majority of the stock, 
realizes the desired end. The growers of beets holding shares in the 
factory have a greater interest in its prosperity, try to grow better crops, 
and to secure in every way a higher yield. The cooperative factory 
renders impossible those disagreements between capital and agriculture 
which do sc much to retard the progress of the industry and to embit- 
ter the feeling of the farmer against the factory. To show the extent 
of the participation of shareholders in factories in the growing of beets 
in Germany, it may be stated that of the 11,672,816 metric tons of beets 
delivered to the German factories in 1895-96, 2,689,004 tons were grown 
by shareholders. Inasmuch as the farmers in a beet-sugar community 
are uniformly prosperous, they are able to subscribe for shares in a fac- 
tory, and by acommunity of interests practically control its operations. 
The industry of growing beets is not yet sufficiently advanced in the 
United States to render possible any definite outline of the best plan 
of securing cooperation between the farmer and the capitalist. At the 
outset, it would probably be impossible to secure among the farmers 
alone a sufficient amount of capital to properly equip a factory. Even 
could this be done, the additional difficulty would be encountered of a 
lack of experience among the shareholders, leading to poor judgment 
in regard to the methods of conducting the manufacturing operations. 
As long as the proprietors of the factory and the farmers growing the 
beets are satisfied with the contracts which they make, there is no 
urgent necessity of the establishment of cooperative enterprises. When 
the number of beet-sugar factories in this country, however, begins to 
reach the hundreds, favorable opportunities of cooperative establish- 
ments will be presented. 


STATISTICAL. 


Unit of value. 


In the data giving the production and consumption of sugar the unit 
of value commonly employed is the ton. By reason of the fact that 
the ton in this country expresses a unit of varying magnitude a consid- 
erable degree of confusion is often introduced into statistical tables. 
In the following data, when not otherwise expressed, the term ton is 
used as the representative of 2,240 pounds. The short ton, namely, 
2,000 pounds, is a more convenient unit of expression, but is not used 
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by Willett & Gray, the publishers of sugar statistical data in this 
country. The metric ton, which is used on the continent of Europe, 
is a weight of 1,000 kilograms, equivalent to 2,204.62 pounds. 

In the tables which follow some slight differences will be noted in 
data relating to the same subject. These differences arise from the 
impossibility of securing exact statements relating to statistical data. 
Not having at hand the means of revising the statistical tables, it has 
been thought best to give the figures of the best authorities without 
attempting to harmonize them. 

Production of beet sugar in the United States from 1830 to 1899. 

The following table, showing the production of beet sugar in the 
United States from 1830 to the present time, is taken from the Weekly 
Statistical Sugar Trade Journal for January 7,1897, and January 5, 1899: 


Production by years from 1830 to 1899. 


Toa oo teesesecd A iow hundred ponds.) ISS. 22.56.0020 ecg tonsnencawes 600 tons 
BSL SIGE 6. iise dec cuciw sew aaaees ease CROHNS sas ahiatia baa ae camera eee 800 tons 
Ol esos os ence come ans EN OMICS | SOC Mandocnecsccnwccaenasecuaw mane 255 tons 
BRO acca ons cco ca usa w/esiaa PRAIIG: | SRO Cs sie pis inn os esiat er dere 1,010 tons 
1863-1871. ...-..: 300 to 500 tons per annum | 1889.....................----- 2,600 tons 
NE sia 2 cn eatetaten a nae aiaataaae ead BOO GANG LES. on anos Steen cnateares 2,800 tons 
BUR oto sod el ak ye Seaton pw otea eile 400 CONE | TOOL cc nn cn ce cscswnwcce cota ccd eee 
1874-1877. .... Under 100 tons per annum | 1892.....................---- 12,091 tons 
BD Sa codigela wesc eoedones en aaes 200 tone | 1893... 2... 22 ccs cocoa cncccens Cae ee 
LOE co hace dcosewte nae aetucine d= L207 OHS) [BUG 2 2. coc ccccvasecssasoued 20,443 tons 
Be isin a dace Casaanderaead nae 500 tons 1895....-. geal aiacye Siw meee anaes ca a 
Bo) SS 7 Less than St tone || 1896... . -<c.ces dc case ccnccdes 40,000 tons 
BORO oscccwuns kecnnsves ociccuen dee ROR b. LOE Neer ac occ tans es sae emea 41,347 tons 
PONE c Lieve. bere cae aa kcloa se ciaviotews 958 tons | 1898-1899...............- ~. 33,960 tons 


Location of beet-sugar factories in the Unite ed States. 

The following beet-sugar factories are now (February, 1899)in operation: 

The Western Beet Sugar Company, Watsonville, Cal.; The Chino Valley Beet 
Sugar Company, Chino Valley, Cal.; The Alameda Sugar Company, Alvarado, Cal. ; 
The Norfolk Beet Sugar Company, Norfolk, Nebr.; The Oxnard Beet Sugar Company, 
Grand Island, Nebr.; The Pecos Valley Beet Sugar Company, Eddy, N. Mex.; The 
Utah Sugar Company, Lehi, Utah; The Binghamton Beet Sugar Company, Bing- 
hamton, N. Y.; First New York Beet Sugar Company, Rome, N. Y.; Ogden Sugar 
Company, Ogden, Utah; Oregon Sugar Company, La Grande, Oreg. ; Mic higan Sugar 
Company, Bay City, Mich.; The Los Alamitos Sugar Company, Los Alamitos, Cal. ; 
The California Beet Sugar and Refining Company, Crockett, Cal.; The Minnesota 
Sugar Company, St. Louis Park, Minn.; The Wisconsin Beet Sugar Company (in 
liquidation), Menominee Falls, Wis. 

Factories are building or nearly completed at the following places: 

Spreckels (Salinas), Cal. (Spreckels Sugar Company); Oxnard (Hueneme), Cal. 
(Pacific Beet Sugar Company); Santa Maria, Cal. (Union Sugar Company); Grand 
Junction, Colo. (Colorado Sugar Manufacturing Company); Pekin, Ill. 

New factories are proposed at the following places: 

Detroit, Mich. (Detroit Sugar Company); Peoria, Ill. (INinois Sugar Company); 
Benton Harbor, Mich. (Wolverine Sugar Company); Monroe, Rochester, Caro, West 
Bay City, Alma, Grand Haven, Port Huron, Marine City, and Kalamazoo, Mich. ; 
Lyons and Dunkirk, N. Y.; Springville, Utah; Newcastle, Pa 

There are also rumors of plants to be built at Irving, N. Y.; Toledo 
and Sandusky, Ohio; Corunna, Alpena, Mt. Clemens, and Tawas City, 
Mich.; Hamlet, Ind.; Omaha, Nebr.; Sioux Falls, 8S. Dak.; Fresno, Cal. 
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World’s sugar crop. 


The total sugar crops of the world for the past four years are given 
in the Weekly Statistical Sugar Trade Journal for January 19, 1899, as 
follows: 


World’s sugar crop.' 


1898-99. 1897-98. 1896-97. 1895-96. 


United States (beets, 33,960, 1898-99; 41,347, 1897-98; Tons. Tons. Tons. Tons. 
40,000, 1896-97 ; 30,000, 1895-96) . | 268, 960 351, 794 322, 009 267, 720 
Porto Rico. . ; 70, 000 54, 000 54, 000 50, 000 
Canada (beets) . - 300 300 300 500 
Cuba, crop 450, 000 314, 009 219, 500 240, 000 

British West Indies: 

LIE NONE is oid capping haw puna cne pewem 50, 000 53, 000 53, 000 58, 000 
47, OU 53, 500 58, 249 47, 800 


Barbados, exports. 
Jamaica 27, 000 30, 000 30, 000 30, 000 
AMMEGS BHU Bt BAUS «2c cecccsecéassessesnedsac 22, 000 25, 000 29, 000 24, 000 

French West Indies: 

NE, CRNTEA ons oe cast vnnnennccdcsnescennse 32, 000 35, 000 35, 000 35, 000 
Guadeloupe ‘ 40, 000 45, 000 45, 000 45, 0v0 
Danish West Indies.—St. Croix .............2..2..-000 12, 000 13, 000 13, 058 8, 000 
Rint amd Bante Dominge...... 6... cccoccsccvccccsecces 48, 000 48, 000 48, 800 50, 000 
8, 000 8, 000 8, 000 8, 000 

PAGED, CEDONGB co c5.c's Saacar osc adenacneeeiee ceegnedssereie 2, 000 2, 000 2, 000 2, 000 

Central America: 
Guatemala, crop 
San Salvador, crop 

Vicaragua, crop 
Costa Rica, er 500 

South America: 

sritish Guiana (Demerara), exports....-..--------- 100, 000 100, 000 9, 789 105, 000 
Dutch Guiana (Surinam), crup 6, 000 6, 000 | 5, 6, 000 
Venezuela 
Peru, crop 75, OOU 70, 000 , 000 68, 000 
Argentine Republic, crop 75, 000 110, 000 65, OOO 130, 000 
Brazil, crop 165, 000 195, 000 210, 000 225, 000 


9, 000 9, 000 8, 000 7, 000 
4, 000 4, 000 3, 000 2, 000 
1, 500 1,500 500 500 
500 200 200 


Total in America 1, 513, 260 6 1,480,405 1,409, 720 


Asia: 
British India, exports..........-.. sein enter nKoewes 50, 000 50, 000 50, 000 50, 000 
Siam, crop 7, 000 7, 000 7, 000 7, 000 
EEE wasn wcvaddnasesenewss ne cdencernecstess 635, 000 541, 581 473, 420 605, 025 
Japan (consumption 195,000 tons, mostly imported) . 

Philippine Islands, exports 140, 000 165, 000 | 197, 000 240, 000 
POR OMIOS 2 a5. ccc wereemouwmssecusces hiekemaxeese 31, 000 30, 000 | 30, 000 30, 000 
Totalin Asia ... ; 863, 000 793, 581 | 757, 420 

Australia and Polynesia: 
Queensiand 65, 000 65, 000 | 70, 000 60, 000 
New South Wales ¢ on 30, 000 30, 000 30, 000 | 30, C00 
Hawaiian Islands. 240, 000 204, 833 | 224, 220 201, 632 
Fiji Islands, exports 30, 000 30, 000 | 30, 000 30, 000 





Total in Australia and Polynesia 365, 000 329, 833 | 354,220 | 321, 632 


ypt, crop 105, 000 85, 000 100, 000 92, 000 


Mauritius and other British possessions 150, 000 120, 000 150, 000 140, 000 
Réunion and other French possessions 45, 000 45, 000 48, 000 44, 700 


Total in Africa 300, 000 250, 000 | 298, 000 276, 700 


8, 000 8, 000 “8, 000 8, 000 


Europe—Spain 


Total cane-sugar production 3, 049, 260 2,910, 017 045 2,948, 077 
Total beet-sugar production (Licht) 4,790,000 4,825,529 4,916,586 4, 285, 429 


7 


Grand total cane and beet sugar production 7, 839, 260 7,735,546 7,814,631 
Estimated increase in the world’s production. -.. 103, 714 


1In the above table iscomprised the entire sugar production of all the countries of the world, inelud- 
ing those crops which have heretofore been ignored in statistics. These figures include local con- 


sumptions of home production wherever known. 





Production of beet sugar in Europe for four years, 1895 to 1899. 


The quantities of sugar produced in Europe for four years, from 
1895 to 1599, the last crop partially estimated, collated by Licht in his 
monthly circular and published in the Weekly Statistical Sugar Trade 
Journal of February 2, 1899, are as follows: 


European sugar crop for four years, 1895 to 1899. 







1898-99. 1897-98. 1896-97. 1895-96. 
Tons. Tons. Tons. Tons. 

GOTMANY 22... cccccccccccccccscocccccccsscccccessocees 1,710,000 | 1,852,857 = 1, 836,536 1, 615, 111 
MOM ccccaiecavchewe ‘ 1, 040, 000 831, 667 | 934, 007 791, 405 
WENGER ockussadenanesataseeuidaterresconaesent aaa 830, 000 | 752, 081 667, 853 
MN saa tae ed eaceaawsesanse 750, 000 728, 667 712, 096 
Belgium 220, 000 2 288, 009 235, 795 
Holland ; 150, 200 125, | 174, 206 106, 829 
CN OIONNOR oc vctecsnactecodcsscensonscsccsdoawases 155, 000 190, 000 | 202, 990 156, 340 











ONE os wadaind eeosenuies dada oe dcawenmnesacaes 4, 855, 000 4, 83 4,916,496 4, 285, 429 


Number of factories, yield of beets per acre, and yield of sugar in the 
principal beet-sugar countries of Europe. 


Germany.—Number of factories in operation during 1895-96, 397; quantity ot beets 
used, 11,672,816 tons; hectares cultivated, 376,669 (acres, 930,372); mean yield per 
hectare, 31,000 kilos (pounds per acre, 27,669); mean price of beets per metric ton, 
17.70 marks (equal to $4.64 per ton of 2,000 pounds); yield of raw sugar (92 per 
cent) on weight of beets 13.11 per cent; average output of sugar per factory, 4,068 
metric tons. 

l'rance.—Number of factories in operation during 1895-96, 356; quantity of beets 
used, 5,411,484 metric tons; yield of refined sugar on weight of beets, 10.97 per cent; 
hectares under cultivation, 204,715 (405,852 acres); yield of beets in metric tons per 
acre, nearly 10.5; average output of sugar per factory, 1,876 tons. 

Austria-Hungary.—Number of factories in operation in 1895-96, 216; quantity of 
beets used, 5,760,000 metric tons; yield of raw sugar (92 per cent) on weight of beets, 
13.5 per cent; average output of sugar for each factory, 3,663 tons. 

Russia.—Number of factories in operation during 1895-96, 277; quantity of beets 
used, 5,311,888 metric tons; per cent of sugar in beets, 15.71; average output of 
sugar for each factory, 2,828 tons. 


Consumption of sugar in the United States. 


The first of the following tables shows the consumption of sugar in 
the United States for each of the years 1896, 1897, and 1898, with a 
detailed statement of the origin of the sugar consumed, and the second 
is a statement of the consumption in the United States from 1881 to 
1898, inclusive. The tables are taken from the Weekly Statistical 
Sugar Trade Journal of January 5, 1899, 
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Consumption of sugar in the United States during the years 1896, 1897, and 1898. 


1897. 1896. 


Source of sugar supply. 1898. 


Tons. Tons. | Tone. 
1, 502.000 | 1,597,000; 1,508,000 


PECUMO RIOT SHO TOUT DOPE. 6 viccccdencenca sdvcdsosernccncaccce 
6, 443 9, 662 1,411 


Of which were domestic from Louisiana crop 


1,495,557 | 1,587,338 | 1, 506,589 
Meltings of foreign sugar through New Orleans............----- 9, 431 | 59, 793 30, 520 
Foreign refined through Galveston....... wicnae wesGeoe en enhan asa 23 1, 060 2, 000 


1, 648, 191 | 


Total 
Export of raw sugar from Atlantic ports | 


’ | 
Export of refined sugar from Atlantic ports ......-....- searew ness 4, 192 | 


2, 516 | 
5, 642 17, 471 | 14, 600 


Consumption of foreign sugar through Atlantic ports..........-- A, 499, 369 | 1, 630, 720 | : 
Consumption of foreign sugar through San Francisco | 139, 668 129, 887 | 146, 454 


1, 670, 963 
23 


Total exports to be deducted 


Total consumption of foreign sugar 1, 639, 037 | 1, 760, 607 | 


282, 009 | 7, 720 


Louisiana crop consumed during the year 
7, 000 7, 000 | 5, 500 


Texas crop consumed during the year 


Total consumption of domestic cane sugar 289, 009 | 243, 220 


16, 700 | 32, 417 | 27, 300 
4, 700 | 6, 460 | 8, 000 
5, 700 | 1, 570 | 
660 
1, 000 
1, 100 
2, 500 
1, 600 375 


California bect-Sugar CLOP...cccccccacscccseccnccsdecccocse 
Nebraska beet-sugar crop 

Utah beet-sugar crop 

Oregon beet-sugar crop 

New Mexico beet-sugar crop. 

Minnesota beet-sugar crop 

Michigan beet-sugar crop 

New York beet-sugar crop 

33, 960 | 41, 347 

300 | 300 

5, 000 | 5, 000 

150 


Consumption of domestic beet sugar 
Consumption of sorghum sugar 
Consumption of maple sugar 
Molasses sugar made in United States from foreign molasses .... 1,700 | 


1,997,444 | 2,096, 413 1, 960, 086 
Add undistributed refined brought over from previous year ..... 75, OVO | 50, OVO 30, 000 


2,072,444 | 2, 146, 413 1, 990, O86 
Deduct undistributed refined carried over to next year 25, 000 | 75, 000 50, 000 


2, 047, 444 2, 071, 413 1, 940, 086 





Total consumption of all sugar 


Consumption per capita is 61.1 pounds in 1898, 63.7 pounds in 1897, 60.9 pounds in 1896, 64.23 pounds 
in 1895, 66.64 pounds in 1894, 63.83 pounds in 1893, 63.76 pounds in 1892, 67.46 pounds in 1891, 54.56 
pounds in 1890, 52.64 pounds in 1889, 54.23 pounds in 1888, 53.11 pounds in 1887, 52.55 pounds in 1886, 
49.95 pounds in 1885, and 51 pounds in 1884. 


Consumption of sugar in the United States during the years 1881 to 1898, inclusive. 


srease(-+) Total con- ; 

Inerease(-+-) | sumption Increase(+) 
orde- |i | of United or de- 

| crease (—). 


Total con- 
sumption 
of United |, 00. 
States, |cre2#e(—): States. 


Tons. Per cent. Tons. 
2, 047, 444 — 1.16 é ° 1, 439, 701 | 
2, 071, 413 6.4 $8 . 1, 457, 264 
1, 949, 086 0.53 || 1, 392, 909 
1, 949, 744 3,27 5 1, 355, 809 
2,012, 714 5 1, 254, 116 
1, 905, 862 1, 252, 366 
1, 853, 370 | 1, 170, 375 
1, 872, 400 | 1, 061, 220 
1, 522, 731 993, 532 


| 
| 


Per cent. 


++ | ths 3 


= 
ents —noons 
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Consumption of sugar per head. 


The following table, taken from the Weekly Statistical Sugar Trade 
Journal, shows the consumption of sugar in pounds per head for all 
the countries of Europe and for the United States for four years from 
1891-92 to 1894-95: 


Consumption of sugar for the United States and all the countries of Europe for 1891-92 to 
1894-95. 


Country. — 1894-95. | 1893-94. | 1892-93. | 1891-92. 
95. | 





Lbs. 

26. 78 | 
9. 81 | 

30. 61 | 
. 94 | 


| 
51, 650, 000 | 
Austria 43, 456, 000 
38, 800, 000 
100, 239, 000 
Holland 4, 732, 000 
selgium 3, 325, 000 
Denmark 300, 000 
Sweden and Norway j, 873, 000 
30, 724, 000 
Roumania 000 
17, 650, 000 
Portugal and Madeira 5, 082, 000 
England 38, 927, 000 
Bulgaria | 3, 310, 000 
Greece ; 
Servia 
‘. a 
Switzerland 44. 66 | 2.3 31. 6: 31. 30 
Europe 385, 177, 000 | 25. 3. 25 | 2. 02 22. 64 
CEO BIOS cows ddvccccseonccstacccagcaescaes 69, 753, 000 | 62. 5. 3. 83 | 63.76 








Total 454, 930, 000 31. 07 | aed ar 29. 00 


Rate of increase in consumption. 


The rate of increase in the consumption of sugar for twenty-three 
years for the principal sugar-consuming countries is as follows:! 


Rate of increase in the consumption of sugar in five principal countries. 


Per cent 
Country. in 23 
| years. 


Per cent 
a year. 


WANG J sa cnicancsewenaessuseenNds suacdesatkusesndstauae dante gounenmamandaewacns 142 6.18 


Germany 159 6.91 
DMIs odode seddsnscaens 107 4. 65 
England 90 3. 50 
RIED HANCONccnccasccdunnvscoscasnuecudanntes Neucndancda taNakenEeanneneneuaadeas 278 2.10 


—————————— eee . 
1 Zeit. des Vereins f. Rubenzuckerind., June 1896, S. 248. 
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Harvesting 
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M. 
14 


Macnesia, quantity; removed by beets... . 2....22cs.5 ese ccaccseae cds deaunees 
38 


Manufacture, cost 


14 


Nitrogen, quantity, removed Dy Deeta = 2... 5 .6.:06 5s cccc cen siewinnonssesdaness 
15 


Nitrogenous manures, effect on quality of beet 
precautions in use 


P. 


Phosphoric acid, quantity, removed by beets............--....---..--------- 
Plant food, quantities, removed from soil 
Planting 


Potash, quantity, removed by beets. 2.2.2. 5 0.56 os scx os ccs stascsscawesees 
Preparation of land 


Rainfall 
Rotation 


HOM, COMOCSHE +. 2. sesnicccsesle. 
PVOAUSHOM » fa/5 ssid: adll oe nsis oota re Soma os a nlataa e oor ne a oe 29, 3 
domestic 
Siloing 


Stable manure, precautions in use...--.. . 

Strike pan 

Subsoiling 

Subterranean moisture 

Summer temperatures, mean 

Sugar, amount made per factory 
consumption, in the United Stater:..<.2ccs255.s2sdesesss esse eeuees 43, 

per head 

AGMO WANMEACCNEE «<< wc 3 soc. cassie. aiosinei wap dee des aacineed oma terige oa 37, 
manufacture 


percentage, obtained 


rate of increase in consumption 
world’s crop 


Theoretical beet sugar belt 
Thinning 

Ton, definition 

Topping 


Waste products 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BUREAU OF CHEMISTRY, 
Washington, D. C., September 24, 1901. 

Sir: I have the honor to transmit herewith the manuscript of the second revised 
edition of Farmers’ Bulletin No. 52. 

The subject-matter of this bulletin remains practically the same as in the original 
edition. It was found necessary to revise the statistical part, however, and to bring 
it up to date. This has been done in an admirable manner by Dr. G. L. Spencer, 
the sugar expert of this Bureau, and special agent of the Twelfth Census for the 
collection of statistics relative to the sugar industry in the United States. 

It is hoped that in its new form thisbulletin may prove as beneficial as its prede- 
cessors in directing the interest which is being manifested in the culture of the 
sugar beet and in the manufacture of sugar therefrom into reliable channels of 
experiment and investigation. The continued demand for the information is 
sufficient justification for its republication. 

Respectfully, H. W. WILEY, Chemist. 


Hon, JAMES WILSON, 
Secretary of Agriculture. 
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THE SUGAR BEET. 


INTRODUCTION. 


Among the farmers of the country there is in general an erroneous 
opinion respecting the manufacture of beet sugar, especially concerning 
the cost. of a factory. It is well that our farmers should cherish no 
illusions in regard to this matter. The manufacture of beet sugar is 
an industry entirely distinct from agricu]Jture, and can only be success- 
fully accomplished by the investment of large capital under the direc- 
tion of skilled artisans. From the nature of the process it is quite 
improbable that any simple method of home manufacture of beet 
sugar will ever prove commercially successful. The juices of the beet 
are extracted with difficulty. They contain large quantities of mineral 
salts, which render the crude sugar and molasses made therefrom bitter 
and unpalatable. Simple processes for the extraction of the juice can 
at best remove only from 60 to 70 per cent of the sugar which the 
beet contains, and thus a percentage of loss is incurred which at the 
very outset renders it impossible for a home apparatus to compete with 
a large factory. , Beet sugar, for the reasons given above, can not be 
used in the raw state, as is the case with the products derived from the 
sugar cane, sorghum, and the maple tree. The refining of the sugar is 
a process which requires an expensive outlay for machinery and a high © 
degree of supervisory skill. It can not therefore be accomplished upon 
thefarm. The various schemes which have been proposed whereby the 
farmer is assured of the possibility of preparing a crude product to 
be subsequently shipped to a central refinery are not practicable on 
account of the radical difficulties above outlined. .The low prices at 
which sugar is sold render imperative in the process of manufacture the 
most economical methods, which are only made possible by the use of 
improved machinery operated under the direction of technical experts. 
The farmers of this country, as is the case with those of Europe, in 
respect of the beet-sugar industry, must be satisfied with acquiring the 
requisite degree of agricultural skill to produce a crop of beets with a 
paying tonnage and a high content of sugar. 

One of the remarkable facts shown by the statistical tables in this 
bulletin is found in the information they contain showing that thesugar 
beet has been able on demand to supply the remarkable deficiency in 
the world’s sugar crop produced by the Cuban war. In three years the 
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supply of sugar furnished by that island fell from 1,000,000 to about 
100,000 tons, and yet there was no appreciable deficit noticed in the 
total sugar production of the world. 

The remarkable opportunities for the extension of profitable agri- 
cultural industries in this country, through the medium of the sugar 
beet, should not be suffered to pass unimproved, and the farmers of 
our country should not rest satisfied until they see our own fields 
produce the sugar which we consume. 


CLIMATIC CONDITIONS. 


Experience has shown that the sugar beet reaches its highest devel- 
opment in north temperate latitudes. So far as the production of 
beets with high tonnage is concerned, it is found that this can be 
accomplished far to the south, but beets grown in such localities are, 
upon the whole, less rich in sugar and less suitable for the manufacture 


of sugar than those grown farther north. It must be remembered, ~ 


however, that the expressions north and south do not refer to any 
absolute parallels of latitude, but rather to isothermal lines, which 
in many cases run obliquely to the parallels of latitude and in some 
cases cross them almost at right angles. As a result of many years 
of careful experimentation, it may be said that as far as temperature 
alone is concerned the sugar beet attains its greatest perfection in a 
zone of varying width through the center of which passes the isother- 
mal line of 70° F. for the months of June, July, and August. This 
zone for this country is shown in the accompanying map (fig. 1). 


THE THEORETICAL BEET-SUGAR BELT OF THE UNITED STATES. 


This isothermal line, for the United States, begins near the city of 
New York and passes up the Hudson River to Albany; thence turning 
westward, it runs near Syracuse and passes in a southwesterly direc- 
tion,.touching the shore of Lake Erie near Sandusky, Ohio; turning 
thence in a northwesterly direction, it enters Michigan and reaches its 
highest point in that State near Lansing; then going in a southwest- 
erly direction, it enters the State of Indiana near South Bend, passes 
through Michigan City, then in a northwesterly course continues 
through the cities of Chicago and Madison, reaching its highest point 
near St. Paul, Minn.; thence it extends in a southwesterly direction 
until it enters the State of South Dakota, where it turns again north- 
west and reaches its highest point in Dakota just above the forty-fifth 
parallel of latitude, where it crosses the Missouri River. The iso- 
thermal line then turns almost due south, following very closely the 
one hundred and first degree of longitude until it leaves the State of 
Nebraska near the northeast corner of Colorado; passing in a south- 
westerly direction through Colorado, it reaches, at Pueblo, &lmost to 
the one hundred and fifth degree of west longitude, whence it passes 
in a slightly southeasterly direction into New Mexico, turns to the 
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west, and crosses the one hundred and fifth degree of longitude at 
about the thirty-second degree of latitude. Then turning westward, 
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it passes in a very irregular line through the States of California, 
Oregon, and Washington. 
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Extending a distance of 100 miles on each side of this isothermal 
line is a belt which, for the present, may be regarded as the theoretical 
beet-sugar area of the United States. There are doubtless many locali- 
ties lying outside of this belt, both north and south, in which the 
sugar beet will be found to thrive; but this will be due to some excep- 
tional qualities of the climate or soil and not to any favorable influence 
of a higher or lower temperature. A mean temperature of 70° F. in 
the summer, however, must not be regarded as the only element of tem- 
perature which is to be taken into consideration. In those localities 
where the winters come early and are of unusual severity will be found 
greater difficulties in the production of sugar from the sugar beet 
than in those localities where the winters are light and mild, although 
the mean summer temperature of both localities may be represented 
by 70° F. As an illustration of this difficulty may be cited northern 
Nebraska and South Dakota, where the winters are of great severity, 
and southern California, where there is scarcely any winter at all. 

The mean summer temperature of these localities is about the same, 
but the continuation of a semisummer temperature through the winter 
in southern California greatly favors the growth of the beets and the 
manufacture of the sugar. In many of the northern States the beets, 
which are to be worked during the winter time, have to be protected by 
silos. A cold climate is favorable to the storage of beets during the 
manufacturing season. In southern California and other places simi- 
larly situated the beets can be protected without any covering, or at 
most with only a slight covering of leaves or straw. The season for 
planting in a mild climate is also longer. For instance, in southern 
California planting can commence as early as January and continue 
till June, thus giving a beet crop coming continuously into maturity 
from the 1st of August to the lst of December. In other localities the 
planting must be accomplished in a short time, say from the 10th of 
May till the lstof June. Before the first of these dates the ground will 
be too cold for planting, and after the second the season will be so 
late as to prevent the maturity of the beets before frost. When the 
field is properly plowed and subsoiled in the late autumn the farmer 
will be able to take advantage of the first favorable opportunity in 
the spring to prepare the surface of the soil and plant the seed. 


CONDITIONS OF PRECIPITATION. 


Although conditions of temperature must be taken into consideration 
in selecting sites for beet-sugar factories, those of rainfall must also be 
studied.. The sugar beet requires a certain amount of moisture in order 
to produce itsnormalcrop. This moisture must be derived either from 
precipitation in the usual way, by irrigation, or else the soil must be of 
that particular quality which will allow subterranean moisture to reach 
the rootlets of the plants. Soil of this latter kind appears to exist in 
many localities in California, where beets are grown almost without 
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~~ rain. The porous and sandy soils adjacent to many of the. Western 
rivers, such as the Platte River in Nebraska and the Arkansas River 
in Kansas, also appear to furnish a sufficient amount of subterranean 
moisture to produce a good crop in connection with the rainfall, 
of which, however, but little is expected in those localities during the 
summer months. Where there is little subterranean moisture, and 
where irrigation is not practicable, the endeavor should be made to 
secure localities for the growth of the sugar beet where an average 
summer precipitation of from 2 to 4 inches per month may be 
expected. There are many conditions of agriculture, however, under 
‘ which the beet becomes quite independent of extremes of precipita- 

_tion. The beet may thrive with very little rainfall or with a great 

deal, if properly cultivated in a suitable soil. 


] GROWTH OF BEETS ON IRRIGATED LANDS. 


The experience of more than ten years in California has shown that 
the climatic data, regarded as of prime importance in beet culture in 
Europe, can not be regardgf as rigidly applicable to this country. The 
successful growth of sugar beets in the arid regions of our country, 
with and without irrigation, has introduced a new factor into the sci- 
ence of beet meteorology. While the arid area on which beets can be 
grown without irrigation is probably confined almost exclusively to the 
~~ coast valleys of California, the successful commercial production of 
sugar beets in Utah has opened up a new and extensive field for the 
extension of the sugar industry over large areas suited to irrigation 
in the Western and Southwestern regions of the United States. It 
] is certain now that Colorado and Utah may become great sugar- 
producing States, and it is probable that other areas in the arid region 
may become equally productive. California has already set the pace 
of progress, and the other arid States will not be slow to follow. The 
high cost of good irrigation renders it imperative that the areas under 
culture be devoted to a crop which is capable of producing a more valu- 
able yield than is afforded by cereal culture. Of all the home markets 
for our domestic agricultural products, there is none so insistent or so 
expansive as that for sugar. With an annual consumption of 2,220,000 
tons, and with a certainty of rapid increase, the demand for sugar 
a promises to be the salvation of American agriculture. 

The northern parts of our Eastern and Middle States and the States 
of Oregon and Washington have at least an equal chance for the suc- 
cessful production of beet sugar with the fields of Germany and 

he France. The irrigable parts of the great Southwest, it is believed, 
; have advantages of soil and climate which will enable them to enter 
into competition in the production of beet sugar. To be able to con- 
trol the moisture in the soil is a matter of prime importance to the 
beet grower. In the arid region the beet can be left to mature at the 
proper time by withholding the water. Subsequently there is no 
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danger of loss due to second growth, so easily induced by late warm 
autumnal rains. 

In a dry soil the beet can endure without damage a low tempera- 
ture, which would prove quite disastrous in a wet climate. More 
complete maturity may be thus obtained, and a more leisurely harvest. 
In fact, there is no staple crop which can compete with the sugar beet 
in demanding the favorable attention of those interested in irrigation. 
If a net profit of from $10 to $20 per acre can be secured, from 
$100 to $200 per acre can be paid for the land. It is estimated 
that nearly 100,000,000 acres of land in the arid regions of 
the United States may eventually be irrigated, being nearly 


one-fifth of the total, 


area. Of this area 
perhaps 10 per cent 
is capable of easy 
and speedy irriga- 
tion. One million 
acres planted to 
beets would yield, 
under intensive cul- 
ture, a quantity of 
sugar sufficient, 
with the Louisiana 
product, for domes- 
tic consumption. 
There is nowhere 
in sight a more 
promising prospect 
for agricultural de- 
velopment than in 
the production of 
sugar beets on irri- 
gated lands. 





FiG. 2.—White Improved Vilmorin sugar beet. 


VARIETIES OF BEETS. 


All kinds of sugar beets are botanically identical with the common 
garden beet (Beta vulgaris). The differences in varieties have arisen 
by reason of special selection and culture, producing a pure strain of 
some valuable peculiarity in the beet. These accidental valuable 
qualities, by careful selection, have become fixed, and are associated 
with certain external properties which have thus come to be regarded 
as distinguishing characteristics. 

The shape and size of the beet, its color, the character of the foliage, 
whether erect or spreading, etc., are the most frequent marks of dis- 
tinction. The beets are also frequently designated by the names of 
those who have developed them, by the name of the town or locality 
in which they have been grown, or bv their color. 
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Among the more frequently occurring varieties grown in Europe may 
be mentioned the Vilmorin Improved, Kleinwanzlebener, Improved 
Kleinwanzlebener, White Excelsior, White Imperial, Simon Le Grande, 
Florimond and Bulteau Desprez Richest, Imperial Demesmay, French 
Very Rich, La Plus Riche, ete. 

The two varieties which have been most widely grown in this country 
are the Vilmorin Improved and the Kleinwanzlebener. Certain vari- 
eties, such as the Vilmorin and Kleinwanzlebener types, give a large 
yield of sugar from a comparatively small tonnage of bests, and others 
yield both a large tonnage and a large amount of sugar. Sugar man- 
ufacturers prefer those varieties which yield a high percentage of 
sugar, since the juices are purer and the expenses of manufacture 
and the cost of 
the raw material 
are less. Large 
beets yielding: a 
large tonnage 
were usually 
grown in Europe 
prior to the adop- 
tion of legislation 
placing a tax on 
the beet itself in- 
stead of on the 
sugar, and were 
preferred on ac- 
count of the 
value of the pulp 
for cattle feed- 
ing. 

The certainty 
that the seed has 
been grown ac- 
cording to the 
most scientific ; 
methods is of great importance to the beet grower and sugar manu- 
facturer, since the one may depend upon producing rich beets and 
receive fair compensation for his labor and the other is enabled to 
operate his factory economically. The beet has reached such a high 
state of perfection as to make the least degree of laxity in its treat- 
ment exceedingly dangerous to its qualities. 

The general type of the Vilmorin Improved is illustrated by fig. 2. 
This beet is the result of thirty-five years of methodic and persevering 
selection based upon the lines to be indicated hereafter. In regard 
to its preservation, it is recognized that it holds its sugar content 
better than any other variety. In those factories in which sugar is 
manufactured from the Improved Vilmorin in connection with other 
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Fia. 3.—Kleinwanzlebener sugar beet. 








10 


varieties, it is the custom to reserve this variety for the end of the 
season and to work up the less reliable beets at an earlier date. Itis 
also said to resist better than any other variety the unfavorable influ- 
ence of certain characters of soil and of certain manures. In black 
soils, rich in organic matter, it gives great industrial results, while 
most other varieties of beets become watery or saline in excess. Excess- 
ive quantities of nitrogenous fertilizers, which are carefully excluded 
from ordinary 
varieties, can 
be applied with 
safety to the 
Improved Vil- 
morin,asa great 
number of ex- 
periments have 
shown that this 
can be done 
without serious 
deterioration in 
the quality of 
the beet and 
with a consider- 
able increase in 
weight. From 
thousands of 
analyses it has 
been establish- 
ed that the per- 
centage of su- 
gar which can 
be obtained 
with this vari- 
ety is about 16. 
Its average 
yield under fa- 
vorable condi- 
tions can be 
stated to be 
from 12 to 16 
tons per acre. 

Perhaps more important for general cultivation than the Vilmorin 
variety is the beet known as the Kleinwanzlebener, which at the pres- 
ent time has probably a wider cultivation than any other sugar beet. 
The general character of this beet is shown by fig. 3. 

This beet has a conical root, straight and even, quite large at the 
head and rapidly tapering. It is distinguished from the Improved 
Vilmorin by its brighter color and its lighter-colored leaves, which 





Fia. 4.—Brabant sugar beet. 
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are beautifully undulating or scalloped about the edges. Coming 
from a cross in which the Improved Vilmorin entered largely, the 
Kleinwanzlebener is to-day a fixed variety and is equally well pro- 
duced in France and Germany. It succeeds in soil of an alluvial 
nature and average richness and on level plateaus. In soils very 
rich in humus it ripens poorly and loses much of its richness. Like 
the Improved Vilmorin, toward the end of vegetation its leaves are 
completely spread. In those conditions of culture where the Im- 
proved Vilmorin 
gives from 12 to 16 
tons per acre, the 
Kleinwanzlebener 
gives from 14 to 18 
tons. It is, how- 
ever, generally in- 
ferior to the In- 
proved Vilmorin 
in saccharin rich- 
ness, which the 
whiter and more 
watery appear- 
ance of its flesh 


would make 
known at first 


view. Neverthe- 
less, from 13 to 15 
per cent of sugar 
can be obtained 
in the beet in field 
culture. 

The Brabant 
sugar beet is alto- 
gether different in 
aspect from the 
preceding  varie- 
ties. It is long, 
rising well above 
the level of the 
soil, and carries a 
foliage vigorous 
in growth and up- Fia. 5.—White French Rich sugar beet. 
right in position. 

This variety would seem at first view to have come from the white 
varieties used for forage; nevertheless, its great vigor, its abundant 
production, and its sufficiently high content of sugar make it a beet 
quite valuable in those countries where the tax is placed upon the 
amount of sugar made rather than upon the beet. The Brabant 








12 


sugar beet will give easily 20 tons per acre, and may be made to con- 
tain 12 per cent of sugar. Its general appearance is shown by fig. 4. 

In France the adoption of legislation placing the tax upon the beet 
itself has not entirely banished the Brabant variety, but it has suc- 
ceeded in transforming it into one of greater richness in sugar. This 
variation of the Brabant beet has been called the French Rich sugar 
beet, and seems destined to have a brilliant future, preserving in its 
general aspect, and notably in its foliage, many of the characteristics 
of the Brabant. The French Rich sugar beet differs distinctly from 
the Brabant in the fact that it grows entirely under the soil, is more 
slender, and has a ruddier skin and more compact flesh. Its yield is 
superior to the Vilmorin Improved and equal to the Kleinwanzlebener. 
The content of sugar of this new variety is rarely inferior to 14 per 
cent. Its general appearance is shown by fig. 5. 

The Imperial sugar beet is one which is largely grown throughout 
Europe. It has a regular conical outline, with oval-shaped top, and its 
leaves have rather short stems. There are different varieties, such as 
the Old Imperial, Improved White Imperial, and the Improved Rose 
Imperial. Other varieties of beets largely grown are the Electoral, 
the Improved Elite, the Improved Imperial Elite, the Imperator, the 
Olive-Shaped, the Excelsior, etc. 

Following are the names of some of the firms producing high-grade 
beet seed of the above named and other varieties in Europe: 

Vilmorin, Andrieux & Co., Paris. 

Dippe Bros., Quedlinburg, Germany. 

Carl Schobbert & Co., Quedlinburg, Germany. 

Despre:, pére et fils, Cappelle, par Templeuve (Nord) France. 

G. Schreiber & Son, Nordhausen, Germany. ° 

Klein & Soukoffsky, 4 Bielany, Poste Beresovka, Podolien, Russia, 

S. L. Ziemann, Quedlinburg, Germany. 

Otto Breustedt, Schladen-am-Harz, Germany. 

F. Demesmay, Cysoing (Nord), France. 

Schlitte & Co., Aumiihle bei Gorsbach, Germany. 

H. Hornung & Co., Frankenhausen, Germany. 

Heinrich Mette, Quedlinburg, Germany. 

C. A. F. Degering, Quedlinburg, Germany. 

Ladislaus Mayzel, Brzozéwka, Post Stopnica, Russian Poland. 
Martin Grashoff, Quedlinburg, Germany. ; 

Adolph Strandes, Rittergut Zehringen bei Céthen (Anhalt), Germany. 
Association Maurus Deutsch, 8 Rue Lafitte, Paris. 

M. Knauer, Gribers, Saxony, Germany. 


In this country considerable quantities of beet seed have been grown 
by the Utah Sugar Company, Lehi, Utah, chiefly for its own consump- 
tion. It is probable that there are other growers of beet seed in this 
country, but no definite information concerning that point can be given. 
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SOIL. 


The sugar beet does not require a particular kind of soil for its 
proper production. In general, soils are described for practical pur- 
poses as clayey, sandy, loamy, or alluvial soils ; all of these soils will 
produce beets. The black prairie soils also have been found, with 
proper cultivation, to produce excellent beets. Perhaps the best soil 
may be described as a sandy loam; a soil containing a happy equilib- 
rium between organic matters, clay, and sand. 

In general it may be said that any soil which will produce a good 
crop of Indian corn, wheat, or potatoes will, under proper cultivation, 
produce a good crop of sugar beets. The soil on which sugar beets 
are grown, however, should be reasonably level, and this being the 
case, it should be well drained. Natural drainage on level soil being 
somewhat deficient, it is advantageous that tile drainage be practiced. 
It would be difficult to grow sugar beets on level land without good 
drainage, especially in a rainy season. 


FERTILIZATION. 


Happily, in most American soils there is still sufficient natural 
fertility to produce a good crop of sugar beets; whereas in the soils of 
Europe, where sugar beets have been grown for years, the farmers 
must depend on fertilizers to insure a remunerative crop. 

Two kinds of fertilizers are employed—stall manure from the farm 
and artificial manure, generally known as commercial fertilizers. For 
general purposes stall manure is desirable. It should be applied, ina 
well-rotted condition, in the autumn before the ground is plowed. The 
quantity per acre depends, of course, on the fertility of the soil; butin 
any case it is not best to apply a very heavy dressing. In poor soils it 
is best to apply the fertilizer for several years in succession, rather 
than to apply enough at once to bring it up to the required state of fer- 
tility. Too copious an application of stall manure is apt to produce 
overgrowth in the beets, which makes them ill suited to the manufac- 
ture of sugar. If the fertilizer be applied in an unrotted condition, it 
is apt to seriously injure the crop in case of dry weather. 

Of commercial fertilizers three classes are employed containing, 
respectively, nitrogen, phosphoric aeid, and potash. . In some instances 
these three elements are found combined in the same commercial ferti- 
lizer. Nitrogenous manure should be applied with great care to sugar 
beets. It tends to produce a very heavy growth of the beet and thus 
to diminish its content of sugar. Potash and phosphoric acid can be 
applied with great freedom to beet fields; in general they act much 
better in conjunction than when applied separately. 

The principles of fertilization depend upon the fact that a soil of good 
quality should have returned to it all that the harvest has removed, 
and a poor soil be supplied with those elements in which it is deficient. 
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Nothing can be more certain than that a soil to which this restora- 
tion is not fully made will gradually lose its faculty to produce plants 
in normal quantity and composition. Culture experiments with arti- 
ficial liquid manures have not been carried so far with the beet as 
with some other plants, and therefore the dependence between the 
composition of such liquids and the evolution of the beet has not yet 
been determined. The basis is also wanting whereon the direct 
working of the manure on the beet can be predicted; and here is met 
the well-known difficulty of getting the manures into those layers of 
the soil from which the beet chiefly draws its supplies of mineral 
plant foods. 


PRECAUTIONS IN APPLYING STABLE MANURE. 


Since experience has taught that beets raised on fields freshly ferti- 
lized with stable manure are inferior for purposes of manufacture, 
the rule has long been established that not the beets, but the previous 
crop should be fertilized with this material, or that the beets should 
be raised in rotation as the second or even thirdcrop. Unfortunately 
this rule, so important to the factories, is not always observed, and as 
a consequence of heavy manuring large crops have been produced, 
but at the cost of diminished sugar content and lessened price. This 
rule applies especially to stable manure and night soil, as well as to 
Chile saltpeter, thé misuse of which has produced such serious con- 
sequences for factories, but not to phosphatic manures, which usually 
exert a favorable influence upon the crop. Experiments conducted 
at the New York Station, at Geneva, have shown that the judicious 
use of well-rotted stable manure has proved beneficial in the growth 
of beets both in yield per acre and in sugar content. 


QUANTITIES OF PLANT FOOD REMOVED FROM THE SOIL. 


The constituents to be taken into account in the necessary restitution 
to the soil of the elements removed by beets are potash, phosphoric 
acid, magnesia, and nitrogen. Following are the quantities of these 
constituents in 1,000 pounds of beets and beet leaves, determined by 
numerous analyses: 


Principal constituents of sugar beets. 


Constituents. Roots. | Leaves. 





Pounds. | Pounds. 
IN on cd Sop anks qaceus claneescxtheebtardesuadaueneced ap eibd nn cunceesusecsuuun ° 3.3 6.5 
ERR on oo ccaeccns naa supane unde Sunes henamaadecduuneuasvadan venaniuden 0.8 1.3 
ie oc nade kandi nducyehenuvubcbersipcerahee KRMaenasint oadeae aecuibankeonus 0.5 3.0 
EID ca wsins Snee cous Nibpie nidenaissi Suse Rema etn SaeeNe eens Odes Rola sanlin Wilaeten 1.6 3.9 
DUNEL os Soaeengacesccasnena. Gsanens aniacitase cae Slab aeOdeeaednke tencassonned 73 18.1 


It will be seen from the relation between the roots and leaves that 
for equal weights the amounts abstracted by the iatter are considerably 
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greater and deserve especial consideration in case the leaves are used 
for cattle food. From this point of view the leaves should be left in the 
field. Itis certain that otherwise complete restitution is attended with 
some difficulty. The form in which the above-mentioned plant constitu- 
ents shall be returned to the soil is well established for phosphoric acid 
and magnesia, and partly for nitrogen. Superphosphates, with greater 
or less content of phosphoric acid or with addition of a nitrogenous 
element, and basic phosphatic slags are of universal application. As 
has been shown by direct investigations, the magnesia may be nearly 
all returned in the filter-press cakes from the factory, though a more 
uniform distribution than is thus secured is much to be desired. 

The soil ingredients most essential for the successful production of 
sugar beets are nitrogen, phosphoric acid, potash, lime, and magnesia. 

Most soils contain a sufficient quantity of magnesia, and the press 
cakes from the factory, which should be returned to the soils, will 
supply any deficiency. The same is true in regard to lime, although 
there are some soils in which the supply of lime is naturally deficient. 
Such soils would be benefited by an application of land plaster, 
burned lime, phosphatic slags, or ground shells. Phosphoric acid and 
potash are supplied in the form of ordinary commercial fertilizers— 
the phosphorus as ground bone, superphosphate, and basic slag, and 
the potash as kainite or other salt. Of the various potash compounds 
found in natural deposits, all are useful. Preference is due only to 
compounds with organic substances. Consequently the molasses, or 
its residue after distillation, and the liquors of the molasses-working 
processes, all rich in potash, are themselves very valuable materials 
for potash fertilization, and should be carefully preserved for such 
use. It must not be supposed, however, that the demand for potash 
will be satisfied by returning to the soil the molasses from the crop of 
beets in the form of waste products. Aside from the leaves, for which 
if taken from the field a largely increased potash return must be made, 
the molasses itself does not represent the entire amount of potash 
taken. Factories which produce raw sugar sell with it also potash, 
and in all factories the waste waters carry away potash compounds 
sufficient to account for the difference between the amount of potash 
in the beets and in the molasses. 

Phosphoric acid is best supplied in the form of ground bone, super- 
phosphate, or basic slag from steel factories. 

Nitrogen may be supplied in the form in which it exists in ground 
bone, or from the refuse of the slaughterhouses in the form of dried 
blood and tankage, or as cotton-seed meal or oil cake, or as nitrate of 
soda, sulphate of ammonia, etc. The simultaneous application of stall 
manure and nitrate of soda is not advisable because of the possible 
loss of nitrogen due to the development of denitrifying ferments. 

As to the relation which the quantity of material returned to the 
soil should bear to the quantity abstracted by the beet, it may be said 
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in general that it is desirable to return as much nitrogen, from one and 
a quarter to one and a half times as much potash, and two and a half 
times as much phosphoric acid as have been removed by the roots. 
Greater additions of potash and phosphoric acid have no disadvan- 
tageous effects upon the crop. Direct investigations in regard to the 
relation between the sugar and potash in consecutive crops for many 
years have failed to give the least ground for a contrary conclusion. 
But it must not be expected, on the other hand, that increasing ferti- 
lization, especially potash fertilization, will produce proportionately ” 
increasing crops, as has been asserted by some. 


EFFECT OF NITROGENOUS MANURES ON QUALITY OF BEET. 


The opinion has generally prevailed among beet growers during late 
years that heavy nitrogenous manuring, especially with nitrate of soda, 
produces no injurious effect on the quality of the beet. This opinion 
was based on the fact that in such beets the sugar per cent was only 
slightly diminished. Nevertheless the quality of a beet may beimpaired 
even with little or no diminution of the sugar content by reason of the 
increase of the percentage of nonsugars present. 

In this respect it has been shown that heavy manuring with nitrag- 
enous substances greatly injures the quality of the beet for sugar- 





Fia. 6.—Subsoil plow. 


making purposes. The apparent coefficient of purity of the juice is 
also frequently misleading, since no account is taken of the nature of 4 
the nonsugars present. 

The real purity of the beet is also to be distinguished from the 
apparent purity of the juice. The real purity of the beet is obtained 
by dividing the percentage of sugar in the beet by the total solid 
matter in solution therein; the apparent purity of the juice by dividing p 
the percentage of sugar therein by the apparent percentage of solids 
as indicated by the specific gravity. Judicious fertilizing with nitrate 
of soda, however, is beneficial, and this form of nitrogenous fertilizer 
‘is in many respects the best known for beets. 
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ROTATION. 


Beets do best after wheat or some other cereal. It is true that soils 
on which beets have not been grown, as the soils of this country, may 
produce beets for several years without harm. Nevertheless, proper 
rotation is always desirable. 

A good scheme of rotation is, first, wheat; then beets; then clover, 
one crop of which is cut for hay and the second crop plowed under; 
then potatoes, wheat, and beets in the order mentioned. By this 
method, and a judicious use of stall manure and commercial fertilizers, 
the fertility of the soil can be maintained and even increased. Beets 
should follow wheat or other cereal crop, because this crop, being 
harvested early, leaves the ground ready for late autumn plowing, a 
prerequisite to successful beet culture. . 





F14. 7.- -Cultivator. 


PREPARATION OF THE LAND FOR PLANTING. 


Tho field in which beets are to be planted should be selected and 
plowed in the late autuin to the depth of at least 9 inches. The plow 
in each furrow should be followed by a subsoiler, which will loosen 
the soil to the depth of 6 or 7 inches more. A convenient subsoil 
plow is shown in fig. 6. Each field to be planted in beets should thus 
have the soil prepared by thoroughly loosening it to the depth of from 
15to18inches. The land, being exposed through the winter, becomes 
quite mellowed, and in the spring can be prepared for planting by a 
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simple treatment of the surface. This is done after plowing by a thor- 
ough surface cultivation until the surface of the soil is reduced to per- 
fect tilth. The large cultivator shown in fig. 7 can be conveniently 








Fie. 8.—Seed drill. 


used for this purpose, followed when necessary by a harrow and roller. 
It is desirable, however, that each portion of the field to be planted 
should be thoroughly prepared immediately before the planting takes 





Fria. 9.—Seed drill 


place. For instance, if the planting is to be made on a given day, 
the soil should be thoroughly prepared on the previous day. Thus 
all weeds and grasses which have started to grow are killed, and the 
beets have an even chance with the weeds for growth. If, on the 
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other hand, the soil be prepared a week or even a few days before 
planting, the weeds and grasses get a good start, and it is difficult to 
free the beets therefrom. 


PLANTING. 


The beets may be planted either by hand or by drill. Hand plant- 
ing may be practiced when a very small plat is to be put in beets, but 
where a field embracing several acres is to be planted it is not con- 
venient. In such cases planting by drill is best. Almost any garden 
drill can be adapted to use with beet seed. Special drills for sugar- 
beet seed are made by many manufacturers of agricultural imple- 
ments. One is shownin fig. 8. The form of drill represented in fig. 9 
may also be used. In planting by drill it is necessary to use from 15 





Fia. 10.—Hand seed drill. 


to 20 pounds of seed per acre; in planting by hand from 10 to 15 
pounds will be found sufficient. 

Another very convenient hand drill, which is especially fitted with 
a beet seed dropping apparatus, is shown in fig. 10. This machine 
marks and excavates the row, drops the seed at any required distance, 
and covers it. | 

The beets should be covered ‘to the depth of from one-half to 14 | 
inches, according to the state of the soil. If the soil be moist and in 


- excellent condition, the beet seed should not be covered more than 


half an inch. If, on the other hand, the soil be very dry and early 
rains are not probable, the seed should be covered to the depth of 14 
inches. 

In large cultures it is often important to be able to plant more than 
one row of beets at atime. For this purpose the planter shown in the 
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accompanying figure (11) is convenient. The machine is adapted to 
planting four rows at a time. The runners can be adjusted at any 
distance from 16 to 20 inches apart, and the quantity of seed planted 
can by varied from 15 to 25 pounds to the acre. 

In planting by hand or by drills an effort should be made to distrib- 
ute the seeds singly and at equal distances apart. 


TIME OF PLANTING. 


Beets should be planted as early in the spring as possible. Experi- 
ence has shown that the early-planted beets almost uniformly produce 
a larger yield and with a higher content of sugar than the late-planted. 
No exact date can be fixed which would be suitable to all localities. In 
most of the localities in the beet area of the United States it will not 





Fria. 11.—Seeder for four rows. 


be found practicable to plant earlier than the first week in May. In 
exceptional seasons a part of the sowing may be accomplished in April. 

On the Pacific coast, especially in central and southern California, 
the sowing can take place at a much earlier date. At Chino planting 
has been practiced in December with favorable results. In 1895 one 
acre of beets planted in the autumn yielded at the rate of 124 tons 
per acre, with an average sugar contént of 15.2 per cent and a purity 
of 81.5. In the same field 8 acres planted in the spring yielded only 
5 tons per acre, with an average sugar content of 14.7 and a purity 
of 80.5. It was observed, however, that the autumn-planted beets 
had a higher content of marc than those planted in the spring. Under 
date of January 4, 1897, the agricultural manager of the Chino Beet 
Sugar Factory wrote that he had planted 5 acres of beets on the 
2ist of December and that they were then well out of the ground. 
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He further stated it to be the intention of the company to continue 
the experiments of autumnal and winter planting on a more extensive 
scale, and to plant from 50 to 100 acres in the autumn of 1897 for the 
harvest of 1898. In this connection it must be remembered that the 
climatic conditions of the Chino Valley are almost unique for beet- 
sugar production, and the experience there obtained would not be 
applicable to beet-sugar regions in general. 
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Fic. 12.—Horse aa, 
CULTIVATION. 


As soon as the beets.are large enough to mark the rows, cultivation 
with the horse or hand hoe may be commenced. Cultivation must not 
be postponed, except for unfit condition of the soil, if the grass and 
weeds appear above the ground at the same time with the beets. 

When large fields are cultivated, the horse hoe, a model of which is 
shown in fig. 12, may be used. For smaller fields a similar apparatus 
drawn by hand may be employed. Convenient instruments of this 
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kind are shown in figs. 13 and 14. This plow frees the spaces between 4 
the rows of beets from weeds and the guard prevents the growing beets 
from being covered by the loose soil. 





Fia. 13.—Hand hoes. 


When the beets show four leaves the process of thinning should _ 
take place. If the rows be 18 inches apart a vigorous plant should be 
left every 8 or 10 inches. Careful selection should be made and all 
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Fia. 14.—Cultivator for beets. Pv 
the puny plants destroyed. It is better to save the vigorous plants 
even if regular intervals are not preserved, but no space should be 
left greater than from 12 to 15 inches in extent. Much of the thin- de 
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f ning work can be done with a narrow hoe, but where the plants are 
very close together, at the place where the preserved plant, is to grow, 
the work must be done by hand. It is well to give a thorough hand 





Fia. 15.—Deep cultivator. 


hoeing at the time of thinning, and the subsequent cultivation, in 
most seasons, may be carried on with horse power. 
When the beets are more advanced a few deeper cultivations may be 





Fia. 16.—Plow cultivator with harrow. 


desirable, and for these any good narrow cultivator may be used for 
single rows or wider ones for double rows. The instruments shown in 
figs. 15 and 16 will be found suitable to this kind of work. 

sae The cultivation in all cases should be conducted for the double 
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purpose of keeping the beets entirely free of weeds and for preserv- 
ing the proper tilth of thesurface of thesoil. It may be said that at least 
once a week during the period of growing, lasting from six to eight 





Fia. 17.—Beet cultivator for irrigated lands. 


weeks, the beet field should be cultivated. If the season be very dry, 
more frequent cultivation will be found useful. The final cultivation 
should leave the soil practically level. During cuitivation care should 
be taken not to injure either the leaves or the root of the beet, and 
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Fig. 18.—Cultivator for four rows. v { 


when the foliage of the growing crop begins to well cover the surface 
of the soil cultivation may be suspended. 

In growing beets with irrigation a cultivator which will prepare the 
furrow for conducting the water over the field is important. Such a 
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machine is shown in fig. 17. In this instrument the plow shown in 
the rear of the cultivator teeth forms the required furrow and can be 
set at any required depth. In ordinary cultivation the brush har- 
row shown in fig. 16 can be inserted in place of the plow. 

In the cultivation of large areas an implement adapted to four 
rows of beets is desirable. Such an implement, however, can not be 
advantageously used, except in those cases where the beets have been 
sown with an implement of similar capacity. The cultivator shown 
in fig. 18 is suitable for use on fields which have been planted with 
the seeder shown in fig. 11. The gangs of plows in this instrument 
are easily handled by a spring lift, and by reason of a peculiarity of 





Fia. 19.—Correct position of a mature beet in the soil. 


construction run steadily and adapt themselves exactly to the rows, 
so that the operator needs only to watch asingle row. Different kinds 
of implements for cultivation can be easily attached so that the instru- 
ment can be used as a plow, a cultivator, or a harrow. 


POSITION OF THE BEET IN THE SOIL. 


It is important not only that a sugar beet should be of a proper size 
and shape, but also that it be grown in such a manner as to secure the 
protection of the soil for all of its parts except the neck and foliage. 
The proper position for a beet to occupy in the soil at the end of growth 
is shown in fig.19. This position can only be secured for the beet by 
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growing it in a soil sufficiently pervious to permit of the penetration of 
the taproot to a great depth. It is for this reason that subsoiling in 
the preparation of a field for the growth of sugar beets is of suck great 
importance. If the beet, in its growth, should meet a practically 
impervious subsoil at the depth of 8 or 10 inches, the taproot will be 
deflected from its natural course, lateral roots will be developed, the 
beet will become disfigured and distorted in shape, and the upper por- 
tion of it will be pushed out of the ground. Experience has shown 
that the content of sugar in those portions of a beet which are pushed 
above the soil is very greatly diminished. 


COST OF GROWING BEETS. 


The cost of growing an acre of beets depends on so many varying 
factors as to render it impossible to give an estimate which is reliable 
for every locality. The differences in rent of land, cost of labor, meth- 
ods of culture, etc., require that any estimate which may be given 
should be revised for almost every series of conditions. The following 
estimate of the cost per acre is based on a yield of 12 tons per acre, 
except in Utah. 

An assumed yield per acre is requisite in estimating the cost of 
harvesting, etc., since a part of the cultivation and the harvesting are 
often coutracted at a certain price per ton of beets. The figures given 
below are from actual averages of the past few years or from estimates 
by experienced men. 

It should be noted that in the Pacific coast and other Western States 
farm laborers are paid as high as $2 per day. The actual average 
paid by one California factory in 1899 to white, Chinese, and Japanese 
laborers was $1.829 per day. It should be stated that field labor in 
California was paid unusually high wages in 1899 on account of its 
searcity. 

Approximate cost of sugar-beet culture. 






































Items. | cal | Utab..| Nebraska. Illinois. | Michigan. 
eee 
IGNOU 2-8. Sto vecen|asaconsspuleacsemsian $1.00 to $1.50} $0.70 to $1.25 $2.25 
Plowing and harrowing -.--..---.- $5. 37 $3. 50 2.50 to 3.00 2.00 to 2.45 ; 
Seed and seeding... eenerooee 1.80 2.75 3.25 to 3.85 8.30 to 3.40 2.50 
Bunching and d thinning .- seeel 4.00 7.00 4.50 to 5.00 7.00 
Hoeing -. orl 14. 4.00] 2.00 to 4.00] 6.00 to 7.00 4.00 
Cultiv ating - ieee t ei uedaie cand 2.00 1.50 to 1.60 1.75 to 2.25 1.50 
PRN 2 oe ces ccs sapcce | mucmmas kee BESEME Piewinin x omic pda ieee B00 (“BGP tac. nccn ace 
Harvesting and delivering --..-.- 21.50 315. 00 11.00 to 13.20 7.00 to 7.50 17.20 
ONE ee | 23.07 | 82.75 | 28.25 to 34.15| 27.25 to 31.85 34. 45 
Cost of siloing when necessary. 2.50 to 8.00 |. aed wae 
1 Cost of irrigation. 2 Exclusive of delivery. 3 Based on a yield of 15 tons per acre. 


In the above estimate has been included the cost of the best culture, 
but nothing for rent of land or a reasonable application of fertilizers. 
It is probable that the actual cost to our farmers for the first few 
years of the beet industry will not exceed $25 to $35 per acre and in 
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many instances will fall below these figures. The price paid for the 
beets is dependent on many local considerations, but chiefly on the 
selling price of sugar and the richness of the beet. 

It is reasonably certain, accidents of season aside, that a net profit 
of from $8 to $15 per acre may be expected from the proper culture 
of the sugar beet in localities near a factory when all the conditions 
of the best methods of culture are fulfilled. 

In contrast with the above estimate, the actual figures submitted by 
Mr. J. Thomssen, of Hall County, Nebr., in a letter published in the 
Prairie Farmer, on the 3d of January, 1891, are given. The cost is 
given for a field of 5 acres, and the items are as follows: 





Hall plowing al €? Nor GONG. «2: ccs s5 sce cas dodececccwss Sesdcuescnsserese $5. 00 
Plowing inenping O06 Ql. 20.. oc cuoeed ccc bcows tess wend weedeuceddignucunees 6. 25 
Rolling twice, once before and once after planting.........--..:-.----..-- 1.50 
Planting by hand, at 75 cents per acre.......-......-----------. -- Souocasen 3.75 
Cultivativio: With Noe, Ab 75 OGG. << wo cn os ccececewcccwaenesactcapesaesuas 8.75 
ia BIG oo 5 anes Saw edodon os snenciaonxs cs vwases suse eee 50. 00 
Hoeing by hand three times and weeding necessary at time of hoeing-....- 90. 00 
Cultivating by horse twice, at 75 cents -..-.-.-- .-..-. -----2--- 2 ee-eeeee = 7.50 
Running over with hoe to clear from remaining WERE ve cad Soetawaaes 3.7 
BOGIN Sos ic co Gawd bs enwiduaddanabeu sae nds Guan ouein gaa aa mae 171.50 


Dividing this by 5 gives a total of $34.30 per acre. 

As will be seen from the above, Mr. Thomssen makes no allowance 
for the rent of the land, used no fertilizers, and gives no estimate of 
the price of seed and of the expense of harvesting and hauling to the 
factory. But his field was hoed by hand three times, which with the 
proper implements is more than is necessary, one good hand hoeing 
being as a rule sufficient. 

Mr. J. B. Henderson, of Alameda, Cal., reports the cost of growing 
and harvesting 10 acres of beets at $614.83, or $61.48 per acre. His 
farm is 1 mile from the factory. Mr. A. F. Richardson, of the same 
place, residing 2 miles from the factory, reports the cost of 11 acres at 
$535.04, or $48.64 per acre. 

It is not wise to underestimate the actual cost of growing the beets, 
for this will lead the farmer to expect large profits which often in 
practice give way to actual deficits. 


HARVESTING. 


The time fur harvesting varies in different localities. In southern 
California the beets planted in February are ready for harvesting in 
August. In general it may be said that beets planted the first week 
in May will be ready for harvesting about the Ist of October. Har- 
vesting should be postponed to as late a date as possible, provided the 
beets are in no danger of a second growth and are not exposed toa 
freezing temperature. The leaves of the ripened beet change from a 
rich to a yellowish green, become drooping and applied closely to the 
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earth, and many of them die. The harvesting is easily accomplished 
by first loosening the beets in the soil and then removing them by 
hand. For loosening the beets the apparatus shown in fig. 20 may be 
employed. It can be used to advantage only when the rows are per- 
fectly straight and the beets of a reasonably uniform size. The teeth 
of the apparatus are sunk deep enough into the earth to catch the 
beet below its middie part. In moving forward the plow catches the 
beets between its two prongs, which approach more nearly together in 
the rear, and on account of the angle at which the teeth are fixed the 
beets are lifted and the taproots broken. After the passage of the 
harvester the beets are easily lifted out of the ground by means of 
their leaves. 

The next operation consists in removing the neck. This is done by 





Fia. 20.—Beet harvester for one row. 


a large knife and thetop of the beet, called technically its neck, is cut 
off so as to remove, with the top, that portion of the beet to which the 
scems of the leaves have been attached. 

The object of removing this portion of the beet is to prevent the 
mineral salts, which have accumulated in large quantities therein, from 
entering the factory. These mineral salts exercise a very deleterious 
influence on the crystallization of the sugar, and, therefore, should be 
removed. They are well fitted for feed or for fertilizing purposes and 
are of more value ‘when left upon the soil than when removed to the 
factory. The neck is also much less rich in sugar than the other parts 
of the root. 

The removal of the tops of the beets is a tedious process which, in 
Europe, is performed by women and children. In this country the 
process of topping the beets will prove much more expensive than in 
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Europe. It is probable that some mechanical device will be invented 
by which the beets can be topped, thus saving a large expense. So 
far as known at the present time, however, this process has not been 
successfully accomplished by machinery and the topping must still be 
done by hand. When the beets are topped they are thrown into piles, 
and the tops thrown over them as a protection from the sun or frost 
until they can be delivered to the factory. 

The beets are best delivered to the factory in dump carts, which 
permit of their quick unloading. It is not customary for the farmers 
to silo their beets except in the simple manner indicated above. 


SILOING. 


When beets are to be preserved for manufacture during the winter 
months or for the production of seed, they must be carefully protected 
against frost. The simplest and the easiest method is to place them 
in piles and cover them with earth, not too deeply, for if they become 
too warm in the silo they rapidly lose in sugar content. When first 
siloed, say about the Ist of November, they should be covered with 
only a slight layer of earth; as the cold of winter becomes more 

_intense this covering can be increased. In some localities only a slight 
covering of straw is necessary to protect the beets, as, for instance, in 
California. In other localities, such as in the Dakotas, Minnesota, 
and Wisconsin, it is probable that the beets would have to be covered 
to the depth of 2 feet, or even more, to protect them from frost. 

Siloing is often done by the factory, as it would be very incon- 
venient to deliver beets from a distance to a factory in the middle of 
winter. 

In most localities in the beet-sugar region of the United States it is 
probable that the harvesting and delivery to the factory could be 
entirely completed by the middle of November; although in some 
seasons there would be no danger whatever in leaving the roots in the 
earth until the 1st or even the 10th of December, while in California 
there is no danger at all of freezing. 

In the construction of large silos due regard must be had for proper 
ventilation to avoid the danger of heating. 


PRODUCTION OF SEED. 


The production of seed is one of the most important operations con- 
nected with the sugar-beet industry. On the care and skill which are 
displayed in this process depend the improvement and maintenance of 
the sugar-producing qualities of the beet. There are many different 
methodsemployed for producing seed which will grow the richest sugar 
beets, but there will be mentioned here only a general outline of the 
principles which underlie the process. The beets which are to be pre- 
served for seed are called ‘“‘mothers” and are carefully siloed in the 
manner already indicated. They are selected at the time of harvesting 
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from specially grown beets or from fields of beets which have shown : 
particularly good qualities on analysis. The size of the roots selected 
for mothers should be about the average for the best sugar beets, 
viz, from 20 to 24 ounces. Smaller beets than these might show a 
higher content of sugar, but it is not wise to produce a race of small 
beets by selecting the seed from the very smallest and richest beets 
grown. The weightof the mothers having been decided upon, the beets 
are next selected for their shape and external appearance. Those regu- 
lar in shape and smooth in external form are to be preferred. Roots 
of irregular shape or with more than one taproot should be rejected. 
. The beets to be preserved for mothers are harvested with unusual 
eare to avoid injury. The neck is not cut away, but the leaves are 
removed by cutting off the stems without injuring the neck of the 
beet. 

The siloing should be of such a nature as to entirely protect the beets 
from frost and yet prevent their growth in the silo until the spring. 
The beets are removed from the silo at an early date in the spring and 
are immediately subjected to analysis for the final selection. In the 
early days of the beet industry the beets were selected almost solely 
on account of theirsspecific gravity. A brine of a given strength was 
made, and the beets, thoroughly cleaned of dirt, were thrown into’ 
this brine. Those which would sink were selected as mothers, while 
those that would swim were rejected. At the present time the final 
selection depends upon the actual determination of the density of the » 
juice of the beet which is to be selected as a mother and the estimation 
of its content of sugar. For this purpose a cylindrical piece of the beet 
is removed by an appropriate instrument cutting diagonally through | 
the center of the root. This piece may weigh one-half ounce or even 
more, and its removal does not injure the beet for germinating pur- 
poses. The juice is expressed from this piece, and its specific gravity 
determined by weighing in it, at a given temperature, a silver button 
of known weight. 

The sugar content of the juice is next determined by means of the 
polariscope. By means of these two data the qualities of the beet for 
the production of seed are determined and also the coefficient of purity; 
that is, the number obtained by dividing the percentage of sugar in 
the juice by the percentage of solid matters as determined by its spe- 
cific gravity and multiplying the quotient by 100. In mother beets 
this number is found somewhere between 80 and 90. The actual 
method of selection may be illustrated as follows: 

The operator determines beforehand his standard, which in most fos 
cases will consist of a juice containing from 16 to 18 per cent of sugar Y 
with a purity of 85. The beets are analyzed separately, and are at 
once divided into two great classes, namely, those in which either the 
content of sugar or the purity falls below the fixed figure, and, second, 
those in which these two numbers are equal to or exceed the fixed fig- = 
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be ures. ‘It is sometimes customary to divide these two classes into two 
portions, viz, those roots in which the numbers are equal to or slightly 
above the standard, and, second, those which show exceptional rich- 
ness. It is also customary to number each beet, and the number, 
which is cut into the skin of the beet, will remain legible even after 
the seed has ripened. Some of the producers of sugar-beet seed pre- 
serve the product of seed from each beet by itself, and do not use it 
to inaugurate the production of seed fur commerce until it has received 
an additional year’s trial. 

Many seed producers determined the percentage of sugar in the 
weight of the beet by a direct analysis of a pulped sample and base the 
selection of the mothers on the number so obtained, without regard to 
the coefficient of purity. 

By careful selection of mother beets, and scientific culture, the sugar 
beet has been raised to its present high standard of excellence, and 
is only maintained at this standard by constant supervision, such as 
has been indicated. 

The sugar-beet seed produced by the above method is not sold for 
planting fields, but is used solely for the production of the seed of com- 
merce in the fourth or sixth year from the parent, as the case may be. 


DOMESTIC PRODUCTION OF BEET SEED. 


The commercial production of beet seed of pure pedigree and high 
bs grade has not been practiced to any extent in this country. The 
Utah Sugar Company, and perhaps others, have grown seed for their 
own use. During the continuance of the experiment station at 
Schuyler, Nebr., a system for the production of beet seed of exception- 
ally high grade was inaugurated, embodying all the best features of 
the methods practiced in Europe. In the spring of 1893, 6,370 beets, 
which had been carefully selected on account of their physical char- 
acteristics and preserved in a silo over winter, were subjected to an 
analysis by removing a cylindrical core from each one and subjecting 
the expressed juice therefrom to a chemical examination. Allowing 
for the deterioration in sugar content which the beets had suffered 
during storage, the beets were classified by the analysis as follows: 









Classification of beets. 
2 
No. I grade | No. II grade|No. III grade 
Variet (sucrose 18 | (sucrose 15 | (sucrose 12 
GEIOCY- per cent to 18 per to 15 per 
upward). cent). cent). 
= Beets. Beets. Beets, 
» i a TE IGIs WAMBIGDOINOR. 30ssc cece cates casancscddcanat= 448 
’ or ag seach yiapagallant iqditnmasnia duasnnasudasentes 6 1,176 
Walon ISENPOVOR 5 os ca caccumansectintewecudcenoucnes 8 784 
Lassaine pluses echa-gdedcievesiewl disdtaddus ee guenversaccewaentaacsae pene «ducisucicnae eauaae 476 
DRONE fos os devas soc cdnnsiveccadecen eudvebaneeun davded ances ciate scaatnadiaieanedwas sais 68 
Elite ‘Klein wauslobener S Linteian Seles a Daihen cmaheadmema Was 
MMR 3 cose). 6 seugo coated= cuss sass ina anaedendaccanancal 8, 276 
we. 
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The following statement gives the proportion of the beets analyzed 
which was eligible for propagation uses: 





Number of beets of all grades accepted for seed production .-......-....--. 5,091 
Number of beets of all grades rejected for seed production ... .....-.. ..-- 1,179 
Ng 8 ec er Nia Nir et cee Rat 2 eee te) ae ee 


By reason of the abolition of the experiment station the beet seed 
produced was sold to the highest bidder for a sum which would have 
brought for an acre under cultivation $172.60. 


DEVELOPMENT FROM A SINGLE HIGH-GRADE BEET. 


In the case of any given variety let it be assumed that a beet is 
found of good size and typical form, and exceptionally rich in its sugar 
content and the purity of its juice. The production of beets on a 
commercial scale from this single individual is accomplished as follows: 
The beet is preserved over winter and planted in the spring for the 
purpose of producing seeds. The seeds thus obtained are carefully 
freed from all imperfect and defective individuals, and planted the 
second year for the production of beets. Several hundred beets will 
likely be produced from this sowing. All of these beets which are of 
proper size and good form are preserved during the winter. In the 
third spring they are all carefully analyzed and those which reach or 
exceed a given standard are planted for the production of seed. It is 
probable that during this third season several thousand beets will be 
produced. All those which are of typical size and shape are preserved 
over the winter, and the fourth spring are planted without analysis, 
and the seed which they yield will be of sufficient quantity to be used 
in the fifth year for the production of sugar beets for the factory. It 
is seen by the above statement that at least five years are required for 
the production of seed for commercial purposes from any high-grade 
individual beet which may be selected for the purpose. 


COMPARATIVE VALUE OF DOMESTIC AND FOREIGN SEED. 


In the experiments conducted at the station at Schuyler during the 
season of 1893 a comparison of the beets grown from domestic and 
imported seeds was made. The plants from the native-grown seed 
seemed to have a higher vitality and to be better suited to the climatic 
conditions of the locality than those grown from imported seeds. They 
showed during the growing season a more abundant foliage and a 
better development of roots. This higher vitality and quality of the 
beets grown from domestic seed illustrate in a forcible degree the 
advisability of the production of our beet seed at home. Even grant- 
ing that seeds produced in foreign countries have the same high quali- 
ties, it must be admitted that their vitality is in danger of being very 
much diminished during shipment to this country. The moist air of 
the holds of the ships in which they are transported often produces 
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moldiness and incipient germination, which tend to greatly diminish 
their value. Not only did the beets produced from the home-grown 
seed have a higher percentage of sugar, but they also afforded a higher 
yield per acre, as determined in the experiments at Schuyler. The 
mean tonnage per acre from the home-grown seed was 21.1 and from 
the imported seed 17.9. The mean pounds of sugar produced per acre 
from the home-grown seed was 5,891 and from the imported seed 5,185. 
This shows an increase of about 12 per cent in the actual quantity of 
sugar per acre when domestic seed was used. These data should be 
carefully studied by all those who are interested in the production of 
beet sugar in thiscountry. Perhaps the time has not yet come for the 
inception of such a work, but it is evident that it will not be long 
before there will be a demand for the establishment in this country of 
a plantation or plantations devoted exclusively to the production of 
beet seeds on the most approved scientific principles. 

The quantity of seed required to plant an acre is about 15 pounds. 
The approximate number of acres planted to beets in this country dur- 
ing the season of 1899 was 135,305, requiring 2,029,575 pounds of seed. 
More than 3,000,000 pounds of seed were required for the crop of 1901. 
It is evident that there is already an opportunity for the active opera- 
tion of a large plantation devoted exclusively to the production of beet 
seeds for domestic use. 

Another point to be considered is that by the importation of foreign 
seeds there is danger of introducing those diseases of beets which have 
occasioned such ravages in Europe. 


MANUFACTURE OF SUGAR. 


The process of making sugar from the sugar beet interests the agri- 
culturist only from secondary considerations, and will be treated in the 
briefest possible manner to give an intelligent idea of its methods. 

The beets are first conveyed to washing tanks provided with suitable 
apparatus for keeping them in motion and transferring them toward 
the end from which the fresh water enters, in order that the whole of 
the adhering soil, together with any sand and pebbles, may be com- 
pletely removed. Bya suitable elevator the beets are next taken to a 
point above the center of the diffusion battery, shown in fig. 21, whence 
they are dropped into a slicing apparatus, by which they are cut into 
pieces of greater or less length and of small thickness, and of such a 
shape that when placed in the cells of the battery they will not lie so 
closely together as to prevent the circulation of the diffusion liquors. 
When the cell is full of the sliced beets it is closed and the hot juices 
from the cell last filled are admitted and allowed to remain in contact 
with the cuttings fora few minutes. From 10 to 12 cells are thus kept 
inuse. While one is filling anotheris emptying. The fresh hot water 
is always admitted to the cell next to beemptied and passes in succes- 
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sion through all the cells under pressure, until it reaches the one last ee: 
filled. From this cell a quantity of juice is drawn off each time and 
sent to the carbonatation tanks for purification. 
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Fia. 21.—Diffusion battery. 


The extracted cuttings are carried through a press by which a por- 
tion of the water is removed, and they are then in suitable condition for 
use as cattlefood. The diffusion juices obtained as above described are ‘ 
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conveyed to carbonatation tanks, where they are treated with from 2 
to 3 per cent of their weight of lime and afterwards with carbonic acid 
until nearly all of the lime is precipitated. The slightly alkaline 
juices are next passed through filter presses, by which the precipitated 
lime and other solid matters are removed. The juices pass next to a 
second set of carbonatation tanks, in which they undergo a treatment 
similar to that just mentioned, but the quantity of lime added is small 
as compared with that of the first carbonatation. The refiltered juices 
from the second ecarbonatation, usually termed the ‘“‘saturation,” are 
carried to the multiple-effect vacuum evaporator and reduced to the 
condition of sirup. 




















FiaG. 22.—Multiple-effect evaporating apparatus. 


The multiple-effect evaporating apparatus (fig. 22) consists of a 
series of pans connected in such a manner as to secure a progressively 
higher vacuum. The thin juices enter the first pan, where they are 
evaporated at a vacuum represented by a column of 0 to 8 inches of 
mercury. The steam with which this evaporation is effected is usually 
the waste coming from the engines and pumps of the factory. 

The vapors generated in the first pan enter the heating pipes of the 
second one, and are thus utilized in evaporating the somewhat concen- 
trated sirup which is drawn off from the first pan into the second one, 
where the vacuum is higher, being represented by a column of mercury 
of from 12 to 15 inches in height. The vapors which are produced in 
the second pan are in like manner conveyed to the heating pipes of a 
third apparatus, where the still more concentrated sirups from the 
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‘second pan are conducted and evaporated at the highest vacuum 
obtainable in such apparatus, usually from 26 to 28 inches of mercury. 
Usually a fourth pan is employed, but the arrangement is fully 
illustrated by the above example. It is easy to see by the arrange- 
ment above noted that the evaporation of the thin diffusion juices to 
a heavy sirup is accomplished with the greatest economy, direct steam 
being admitted only into the first pan, and the rest of the operation 
being accomplished by the steam generated in the evaporation of the 
liquors. The sirup thus produced is converted into sugar in the fol- ® 
lowing manner: 

A portion of the sirup is placed in an evaporating apparatus called 
the strike pan. This apparatus is very large, usually a cylindrical 
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Fig. 23.—Vacuum strike pan. 


vessel with a conical sabiediis and is provided with a series of coils, one 
above the other, to which the steam can be admitted at will. The * 
admission of steam is always so regulated that it is not allowed to 
enter any of the coils above the surface of the liquid in the pan. The 
portion of sirup first introduced is evaporated until it reaches a point of 
consistency which will permit of the formation of crystals, i. e., super- ( 
saturation. In this condition, if a portion of fresh sirup be introduced 
the whole mass in the pan becomes charged with exceedingly fine 
crystals of sugar. 
By careful manipulation and the introduction of new quantities of - 
sirup from time to time these crystals are made to grow. As the pan 
becomes full successive coils of the steam pipes are brought into use, so 
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that the boiling surface of the pan is gradually increased in propor- 
tion to the volume of its contents. In the course of a few hours the 
skilled sugar boiler will find that the pan is full and that the crystals 
have grown to the proper size. The mass in the vacuum pan at this 
stage is extremely heavy, consisting of a dense mass of sugar crystals 
mixed with a quantity of molasses greater or less in amount, as the 
juices from which the sugar is made are more or less pure. The illus- 
tration of the vacuum pan (fig. 23) is from a photograph of a large 
pan, 17 feet in diameter and 42 feet high, intended for refinery use. 
This pan turns out 1,000 barrels of sugar at each strike, and the time 
required for boiling is about three hours. It is constructed on exactly 
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Fia. 24.—Centrifugal apparatus. 


the same principles as the smaller pan employed in beet-sugar fac- 
tories. In boiling sugar in a vacuum pan, if the highest possible 
yield is desired and no objection arises to the formation of soft erys- 
tals, a very high vacuum, equivalent to 29 inches of mercury at the 
sea level, is employed. At this vacuum the sirups boil at a tempera- 
ture of from 112° to 120° F. If harder crystals, giving a somewhat 
less yield, are desired, as in the case of making granulated sugars, a 
lower vacuum, namely, from 24 to 26 inches, is employed. 

The sirups are reduced in the vacuum strike pan into sugar called 
massecuite, which contains from 6 to 10 per cent of water. This is 
then carried directly to the centrifugals, where the molasses is sepa- 
rated. 
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The construction of the centrifugal apparatus is shown in fig. 24. 
A lining of wire gauze permits the molasses to pass outward under 
the impulse of the centrifugal motion, while it retains all the crystals 
of sugar except those fine enough to be entrained with the escaping 
liquid. The uncrystallized sirups, together with the water, are sepa- 
rated from the sugar by the centrifugals, and form the molasses. 
The molasses is reboiled and a second crop, and usually a third crop, 
of crystals obtained, the molasses from which is treated in various 
ways for separating the sugar which it still contains. One of these 
methods which has come into general use is known as the Steffen 
process. In this method the molasses is diluted with water cooled to 
a low temperature and treated with fresh-burned, fine-ground lime. 
The sugar in these conditions forms a chemical compound with the 
lime, which is separated from the other constituents of the molasses 
by means of a filter press. The lime sucrate thus secured is beaten 
up to a cream with water, the lime precipitated with carbonic acid, 
separated by means of a filter press, and the pure sugar juices thus 
obtained boiled for the separation of the sugar as described above. 
Another method consists in removing the salts which prevent the 
crystallization of the sugar by the process of osmosis. A third method 
consists in the use of strontium or barium hydroxid for the separation 
instead of lime salts, as in the Steffen process; or, finally, the molasses 
may be subjected to fermentation and distillation, and the sugar 
therein contained thus converted into alcohol. 

‘The above is an outline of the general method used for the manu- 
facture of raw sugar. If refined sugar is to be made, the juices and 
sirups may be passed over bone black to decolorize them and the 
crystals washed in the centrifugal in order to make them perfectly 
white. The small, hard, colorless crystals thus obtained when dried 
in a revolving drum form the granulated sugars of commerce. The 
customary method consists in treating the juices with sulphurous acid 
and purifying the crystals in the centrifugals. 


HOME MANUFACTURE OF SUGAR. 


The question is often asked if beet sugar can not be made in a small 
way so that farmers could club together, put up a cheap apparatus, 
and produce their own sugar. On account of the elaborateness of the 
process and the costly nature of the machinery which is necessary to 
produce beet sugar even in a small way, it is not believed that it could 
be profitably made in the way indicated. A small factory could not 
possibly compete with a large one, and hence there is no encourage- 
ment to be offered in the way of producing homemade beet sugar. The 
Department has no knowledge of any successful beet-sugar factory 
of this kind. There is no country producing any notable quantity of 
beet sugar in which home apparatus costing only a few thousand dol- 
lars has any appreciable influence on the output of sugar. Russia has 





avihescaa 


Wiiaa 


« 
> 


39 


been cited as an exception to this rule. The output of beet sugar in 
Russia in 1898-99 was about 750,000 tons. The total number of facto- 
ries in operation was about 300. The average annual output of each 
factory in round numbers was 5,000,000 pounds, representing an 
average consumption of 25,000 tons of beets. These figures indicate 
that the capacity of the average Russian beet-sugar factory is not 
greatly different from that of other European countries. 


WASTE PRODUCTS. 


The waste products of the factory consist of the pulps and molasses. 
The molasses is used for various purposes, either for making sugar, 
as described above, for fertilizing purposes, for the manufacture of 
alcohol, or sometimes for cattle food. The pulps make a valuable 
cattle food. They may be fed in the fresh state or preserved in silos. 
Lately extensive experiments have been made in drying the pulps and 
preserving them in the dried state, and these experiments have been 
fairly successful. It is stated that the value of the pulps for feeding 
purposes is from one-fourth to one-fifth of the value of the beets. 


COST OF MANUFACTURE. 


The cost of manufacture depends on as many factors as that of beet 
growing. Chief among these are transportation, fuel, weather, and 
lator. Perhaps the most important of these factors is the price of 
fuel. In some localities coal can be had for $1.25 per ton; in others 
the cost may reach as high as $10 per ton. 

The manufacture of beet sugar is conducted without governmental 
supervision in this country, and any exact account of its cost is inac- 
cessible. To show what it may be, with large experience and the 
highest skill and management, the mean cost of manufacture in 113 
German factories is given: 





Mean capital invested in each factory. ............--.. .--..--------- $193, 400. 00 
Total receipts for sugar, molasses, and pulps per ton of beets__---..-. : 11.10 
Mean cost of beets per ton of 2,204.62 pounds .-....-..--- ..-..- $4. 90 
Salaries ner ton OF Neetts <4) ss <. sexwsnwsk, aosscoracenssdesees . 26 
Labor per ton of beets.-.... . --- as dial melas wearin a ae Sipteheta atte 73 
Interest on investment per ton of beets......--...------------. . 36 
Cont per toner eGies...5. i522 sucae Sse peneasieceueaweueees . 63 
Miscellaneous expenses per ton of beets.._.....-.-.--.----..,-- .96 

Total expense of manufacture per ton -..........--------...-.- 7.84 
ProSt nen temo8 beste: «...... 2-65 ceeseese cyeuaks tema peasapemoasuugee 38. 26 


The mean net profit for each factory was $34,240. The price paid for 
beets, however, is in most cases fictitious, the beet growers owning the 
factory and preferring to share in the general profits rather than to 
charge a high price for the beets. First-class beets rarely sell for less 
than $5 per ton. The Western Beet Sugar Company, of Watsonville, 
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Cal., stated that in its first campaign, 1888-89, the cost of manufac- 
ture amounted to $80.80 per ton of sugar. At the present time it 
appears that with the best machinery, rich beets, and most economical 
processes beet sugar can be made in this country at a cost of less than 
4 cents per pound when the price of rich beets does not exceed $5 
a ton. c 

According to the report on the manufacture of beet sugar, Twelfth 
Census of the United States, the average price paid per ton of beets 
was as follows: 





CIRM RT IDEN S308, 2 Yon PTS ee ie ae ye ot 2 ik ed $4. 39 
SNE So oa ee a Nt a iictndmed silence Ma ed Sa eee tee ees areata 4.47 
Michigan. .__._.- etn aie see hoe tees een ee aE cei e nore earned eee 
All other States end Territories . A a OS 8 Sy ee Na ae ae ee 4, 26 


COST OF FACTORY. 


The cost of building a first-class beet-sugar factory is much greater 
than is commonly supposed. From the most reliable data at hand it 
may be stated that in Europe the cost of erecting a factory with the 
most modern machinery, of a capacity of at least 300 tons of beets per 
day, is about $200,000. In this country it is probable that, owing to 
the higher price of labor, the cost of a similar factory would be at least 
$250,000. 

The following data, from the report on beet-sugar manufacture in 
the United States, Bulletin 59, Twelfth Census, indicate the amount 
of capital required in establishing a factory: 


Nominal daily factory capacity and capital invested per ton of beets. 




















Capital invested p — ton ‘of daily 
aisha Total |Average | om : gent: 
of ania. copacie| daily | Ma- 
States and Territories. lish- in tons | capacity | | chin- | Cash 
mints of beets per Total Tand Build- on and 
per day. | factory. | capital. ‘| ings. pi sun- 
tools. | 2Ties. 
Tons. Tons. 

United States...-.....- 131 | 219,110 616 $1, 097 $36 $204 $754 $103 
SIE Since cecenscecess 18 9, 900 1, 238 1, 024 35 185 738 66 
SI Soe eames emcee 9 4,100 456 979 35 226 589 129 
SMO « coicn cnaneso<necnec 14{ 75,110 364 1, 334 87 224 921 152 








1Includes one idle establishment. 

2Includes one auxiliary factory at which no sugar is manufactured, but juice is extracted 
from the beets and pumped to a centrai factory for treatment. 

In estimating the capital required in the organization of new companies 
for the manufacture of beet sugar, an assumed average capital per ton of beets, 
daily factory capacity, is frequently used asa factor. It is for this reason that 
these figures are included in the above table. 

There are many conditions which modify the average capital invested per ton 
of nominal capacity. Among these are the following: (1) The cost of a large 
factory is less per ton of capacity than that of a small one; (2) freight charges for 
the transportation of machinery vary with the distance of the site of the factory 
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‘ from the foundry in which the machinery is made; (3) the cost is necessarily 
greater in the case of those factories which are equipped for the recovery of sugar 
from molasses, from which no more sugar can be profitably extracted by the proc 
ess of crystallization; (4) many factorieshave machinery of relatively small capac- 
ity so disposed in a large building as to permit of increasing the capacity of the 
plant without additional expense for buildings. 

The Michigan factories were built within two years and under similar condi- 
tions in the iron market; with one exeception, they are of American construction. 


As has been intimated before, it is not advisable to attempt to 
manufacture beet sugar with smaller factories or with machinery and 
ppliances which do not represent the latest improvements. It is true 

, that there are many parts of a sugar factory which have not changed 
much within the last twenty years, but even the multiple-effect appa- 
ratus, the strike pans, and the centrifugals, which represent the most 
stable parts of the machinery, have undergone considerable changes 
within the time mentioned. Probably one of the greatest dangers 
which the beet-growing industry in this country will meet is the ten- 
dency to begin the erection of a beet-sugar factory with cheap, old, 
or worn-out apparatus and appliances and without a proper technical 
study of all the questions involved. The avoidance of this danger is 
all the more difficult, because there are few engineers in this country 
who have devoted themselves to the study of this problem, and 
European experts are not likely to understand and comprehend 
American methods and measures. Numerous inquiries have been 

x received at this office for directions for making beet sugar with such 
appliances as a cider mill and sorghum-molasses evaporator might 
afford. It would not be right to encourage the attempt to manufacture 
beet sugar in any such way, nor should the expectation be excited 
among our farmers that they will be able to make a crude article of 
sugar which they can dispose of to a central factory for refining pur- 
poses. It is best to recognize at the very first the great expense which 
attends the erection of a sugar factory and the necessity for its meet- 
ing every modern requirement. Beet growing and beet-sugar manu- 
facture are two distinct industries, but with common aims and 


interests. 
COOPERATIVE FACTORIES. 


It is seen from the foregoing paragraph that the farmer can have no 
reasonable hope of successfully establishing a home beet-sugar factory. 
It is not just, however, that he should be deprived of any cooperation 
in the process of manufacture or a reasonable share of the profits aris- 
ing therefrom. The methods which have been practiced in Europe 
for securing these results are probably those which will eventually 
come into use in this country. The cooperative sugar factory, in 
which the farmers growing the beets hold a part or the majority of 
the stock, realizes the desired end. The growers of beets holding 
% shares in the factory have a greater interest in its prosperity and try to 
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grow better crops and to secure in every way a higher yield. The 
cooperative factory renders impossible those disagreements between 
capital and agriculture which do so much to retard the progress of 
the industry and to embitter the feeling of the farmer against the fac- 
tory. To show the extent of the participation of shareholders in 
factories in the growing of beets in Germany, it may be stated that 
of the 11,672,816 metric tons of beets delivered to the German facto- 
ries in 1895-96, 2,689,004 tons were grown by shareholders. Inasmuch 
as the farmers in a beet-sugar community are uniformly prosperous, 
they are able to subscribe for shares in a factory and by a community 
of interests practically control its operations. The industry of grow- 
ing beets is not yet sufficiently advanced in the United States to 
render possible any definite outline of the best plan of securing 
cooperation between the farmer and the capitalist. At the outset, it 
would probably be impossible to secure among the farmers alone a 
sufficient amount of capital to properly equip a factory. Even could 
this be done, the additional difficulty would be encountered of a lack 
of expeiience among the shareholders, leading to poor judgment in 
regard to the methods of conducting the manufacturing -operations. 
As long as the proprietors of the factory and the farmers growing the 
beets are satisfied with the contracts which they make, there is no 
urgent necessity of the establishment of cooperative enterprises. 
When the number of beet-sugar factories in this country, however, 
begins to reach the hundreds, favorable opportunities of cooperative 
establishments will be presented. 


STATISTICAL. 
UNIT OF VALUE. 


In the data giving the production and consumption of sugar the 
unit of value commonly employed is the ton. By reason of the fact 
that the ton in this country expresses a unit of varying magnitude a 
considerable degree of confusion is often introduced into statistical 
tables. In the following data, when not otherwise expressed, the 
term of ton is used as the representative of 2,240 pounds. The short 
ton, namely, 2,000 pounds, is a more convenient unit of expression, 
but is not used in the publication of sugar statistical data in this 
country. The metric ton, which is used on the continent of Europe, 
is a weight of 1,000 kilograms, equivalent to 2,204.62 pounds. 

In the tables which follow. some slight differences will be noted in 
data relating to the same subject. Their differences arise from the 
impossibility of securing exact statements relating to statistical data. 
Not having at hand the means of revising the statistical tables, it has 
been thought best to give the figures of the best authorities without 
attempting to harmonize them. 
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PRODUCTION OF BEET SUGAR IN THE UNITED STATES FROM 
1880 TO 1901. 


The following table, showing the production of beet sugar in the 
United States from 1830 to the present time, is taken from the Weekly 
Statistical Sugar Trade Journal for January 7,1897,and January 5, 1901: 


Production by years from 1830 to 1901. 


RUE sg Ayn 28 A few hundred pounds | 1886. __. .-_----..---.----..- .- 800 tons 
Gael 180 ooo a ease aden None | NGS crcl sSeeew cc ease 255 tons 
BI osc css 1,000 pemnds | 1908... 0.2 <ckecenses 1,010 tons 
TSSOP RGD oon Son Sats 3. oes RI | wk rn daa aa ee 
1863-1871 -.. 300 to 500 tons pen anime | 100s 222.5 bene. wees 2,800 tons 
TOPS: hoes se cs eee cs 332, SOR Pe ee ee eee 
TOPS gg oe eo os cetrne Sc OE | aan oe ets at oe 
1874-1877... Under 100 tons per annum | 1893 .........-.-.--.------- 20,453 tons 
IBIS. 5 ou oe. cece socseaws 22. = OO oma TORE o255 wate. on Sac oy 
TAS 3 axons bo Rok Sey aan POO tema, | Be ss ss cs nes .--. 30,000 tons 
ROE cme ce ea et hao AS 500 fons. | 1806). con. . esick non. coccon Se 
1881-1882. ......_.-- Less than 500 tons | 1897-1898 ...._...--. ..-.- 140,399 tons 
en nc: peek, aoe eae ee 535 tons | 1898-1899 _..-. .<cseccnans OS,AeR TORS 
Og Sh oa ae ee ae ee 953 tons | 1899-1900 _--_._- Revie ee eos je tons 
Ge ie inn ent enone se 600'tons | 1900-1001 ._............ ...-- 76,859 tons 


1 Tons of 2,240 pounds. 
LOCATION OF BEET-SUGAR FACTORIES IN THE UNITED STATES, 


The following beet-sugar factories are now (September, 1901) in 
operation: 
Beet-sugar factories of the United States. 


[From The Beet Sugar Gazette, Chicago, September, 1901.] 


























Te Daily ca 
Name. Location. pacity. 
In operation. 

Eastern: Tons. 
Binghamton Beet Sugar Co................-.-- Binghamton, WD 6505 ao csecbicas 600 
Empire State Sugar Co ..............-..- ....--- DUO Ne © . vecoccnuscs snes sacanaceas 600 

Michigan: 

PesCnGGr etiae OO... 8 - ase detwecxsecnss came om ea Puedcens ua teaaoeoeen 500 
De Ce NOD 6 ore a nnn <6 émeusal adnan | ste cen MRE gate ni as tiadamaians eos aeeadaied 600 
PISRRORG DEE CO nnn cs. nc cs ceaccadeneas aso) OU eas RN ne tot aa tocaonas 500 
Wolverine Sugar Co ...._.--..---- -| Benton Harbor, Mich. . aa 350 
Peninsular Sugar Refining Co Pac?’ 5 ee 600 
West Bay City awa < (3 -| West Bay ee Mich 75 

Alma Sugar Co - ies Ss --| Alma, Mich . sia 600 
Holland Sugar Ce oe Le aa a Holland, Mich - eemigdgiaaee ee 350 
TRIED DIF OOo eccuccccecencesescu acne Kalamazoo, Mich ..-...--.-...- des 500 
POET IRD OO cna <anaceccencessasacess.couses Marine City, Mich. ..................] 350 

Western: | 
American Beet Sugar Co ................-...-- OTERO «5 os vn dcccnccs sascas 1, 000 
Colorado Sugar Manufacturing Co--....--..-- Grand Junction, Colo .......-..- ..-- 350 
National Sugar Manufacturing Co - --| Sugar City, Colo... 500 
Ogio BUGAE OG 6 once. ccaccdcacasecn -| Ogden, Utah ...-... 350 
TIGRE EE CO Sc ncn ois ccta encom --| LehiCity, Utah-..- as 350 
Utah Sugar Co. (rasping station) ....-......... Springfield, Utah........ .........<2- 350 

Ee os iss outta Raa naencmaapomakecseus oo Bingham Junction, Utah... .....-.. 350 
Aneeee mee ee Ce cna ncaa cee Grand Island, Nebr -.-- --....---.--- 350 
cies cotta Ieee eciipsoee'as we o-aik Sc eral dois anes 350 

penmdanl Beet Sugar Cane as en MIRE CRE ooo kisi radio ce cnncemen ees 500 

Middle West: 

Minnesota Sugar Co. ...__- 350 
Illinois Sugar Refining Co - = 


Continental Sugar Co 
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Beet-sugar factories of the United States—Continued. 
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Daily ca 
Name. Location. panley. 
In operation—Continued. 

Pacific Coast: Tons. 
Oregon Sugar Co - woes consos'eccem oo) a Pamala, pees ------ 350 
Washington State Sugar C Co._- Waverly, Wash . 350 
Auameda Sugar Co.-- Jamas Alvarado, Cal - 800 
Spreckels Sugar Co............. ...-.- Watsonville, Cal __- 1,000 
Los Alamitos Sugar Co-__.........---- ‘Los Alamitos, Cal. 700 
American Beet Sugar Co......-..-..--.---- .-| Chino, Cal - Since mache de 1,000 
California Beet Sugar and eeeees OO... éccack Gronbait Galo. 1,200 
Spreckels Sugar Co. as oi picinad irtasdng Seah Och anus ot EEE < sipie wes ae aaclonrg asta 3,000 
American Beet Sugar Co...........------------ ROOT NN no ie ie caw awavacknce 2, 000 
SPREAD 5 ccs hss aces acane come --| Betteravia, Mig a nek. ts at 500 

| 
Not in operation, | 
Pecos Valley Beot Sugar Co..-.............2.s.<--.--| Carlsbad, N.Mex.......5.+<2.-00<s-- 200 
Now building for the campaign of 1901. 

ER RR MIO oe 56. sho o5c 555s ccs woaikewecncaccs]| MUMMY MEDIA: cone scoccechunsacauess 600 

Saginaw Sugar Co__. Seb ek deca sane wore wan act nN < cap cneaancbtes castes 600 

Western Construction Co...----.--.-.. --.-.--+-.-- ORME OU. 5 8 ooo oo ke eae 1,000 

ROSIE CIUBAT COO 5. oo onan oo ten (sagen cw ecen acca] MOE EER ERGs nn. sadness 055945ece0 500 

SII UOMNIOON oo. a tao on oe weaclamemoaceins Menominee Falls, Wis ---.-. .-..----.-. 500 

German-American Cooperative Beet Sugar Co-.-..; Salzburg, Mich .......--.-.--...-.--- 400 

SORE NIMP SOG. a. cna. sacs Soncuee cus Sean sbeseebecs [NS RIMES is can nesses Secbay wenoue 400 

Now building for the campaign of 1902. 
re NI SG oS cick eS das saweneesceus | Mount Clemens, Mich .....-.....--- 600 


WORLD’S SUGAR CROP. 


The total sugar crops of the world for the past four years, as given 
* below, are rearranged from Willett & Gray’s Weekly Statistical 
Sugar Trade Journal for August 15, 1901: 


The world’s sugar crop. 


1900-1901. | 1899-1900. 1898-99. 1897-98. 
































Beet_sugar: | Tons. Tons. Tons. Tons. 
CC TUMLON: oo. ou cen chaiceoumnets saduetacewen 76, 859 72,944 82, 471 , 399 
NN = some ab sce So rawew cocdnweccenecksarscence| De _5, 525, 060 | 4, 982, 101 4, 831, 774 

Total beet sugar production ._....-.....-. 6, 096, 7) _ 5,500, 944 | 5,014,572 4, 872,173 
} : = = 

Cane sugar: | 

United States— | | 

EER hoc a pukienecudcncee maceee seer rs 270, 000 | 132, 000 245, 511 810, 447 

NIN «ccna g ak Coens semaniniameuasee 80, 000 35, 000 53, 825 5 

TATA TORINO 0 ois o crnicis covey cewenamcien 296, 000 258, 521 252, 506 204, 833 
Cuba, crop - Sueahhs Sine satcaneibeae eure 600, 000 808, 543 345, 261 814, 009 
British West Indies— | 

CE CONN 6. os lucie pavauesnacuuece 50, 000 41,000 53, 436 53, 000 

Barbados, NINE or 4, ict Saninigingaano mma cee 60, 000 x 45, 787 49, 835 

Jamaica .- avec a munnekoump war 30, 000 27,000 27, 000 30,000 

Antigua and St. Kitts _.............---------| 25, 000 18, 000 | 22, 000 25, 000 
French West Indies— | | 

Marni, GXPOPtS ... 25.256 se. cnaee tcuces} 35, 000 30, 000 31, 639 31, 469 

Guadeloupe - asd Penaticdsliash oomieens 35, 000 30, 000 39,390 37,136 
Danish West Indies—St. Croix..-...-----.-..--- 13, 000 12, 000 12, 000 13, 000 
Haiti and Santo Domingo .-.-..........-....-...-. 45, 000 45, 000 50, 000 45, 000 
Lesser Antilles, not named BOD <.scccnick eke 8,000 8,000 8, 000 8, 000 
TD oon via a Senne! simi ine ac wwaic stews 93, 000 78, 000 WERE Pino sicaswcine 
Central America— 

Guatemala, BR scene she sar urate toes 9,000 12. 000 11,000 9, 000 

San Salvador, crop..- i a des ec 5, 000 5, 000 4,500 4,000 

PRAORTARURSOTOD <i nnkcinn -ccacncsowhacccet 8, 500 4,000 8, 750 1,500 

Cn tee ON Son ka wi che neneedewwcan { 1,500 1,000 750 500 
South America— | 

British Guiana (Demerara), exports......- 95, 000 80, 000 82, 000 106, 000 

Dutch Guiana (Surinam), crop.-......---.--- 6, 000 6, 000 6, 000 6, 000 

WRI ccacneisscucnescckas Succupecsenced 8,000 ON Faw cancicatadnnescoseweus 













































































oD: 
The world’s sugar crop—Continued. 
ata —— i 
1900-1901. | 1899-1900. | 1898-99. | 1897-98. 
Cane sugar—Continued. 

South America—Continued. Tons. Tons. Tons. Tons. 
Peru, exports............ 105, 000 100, 381 61, 910 101,577 
Argentina, crop -..-..-..-.- 114, 25 91, 507 2, 000 ; 

EE EON natty ana Sas Rae ene tas dma momen 178, 00 | 192, 700 154, 495 200, 478 
Total cane sugar in America -.-..--.--..-- 2 160, De | 1, 567, 652 1, 629, 760 1,717, 784 
Asia— OY, 
British indie, experts iss deuaemn ee scaaeaon 15, 000 | 10, 000 10, 000 20, 000 
Siam, crop .- See aasae 7, 000 7,000 7,000 7,000 
Java, crop...--- . 710, 120 721, 993 689, 281 531, 201 
Japan (c onsumption ‘170, 000 ‘tons, “mostly | | 
MEAN, io ios olan eet cine ee oy erated SOO Ecosse asc Seamer 
Philippine Islands, exports...............--- 30, 000 62, 785 93, 000 178, 000 
Total cane sugar in Asia .... ...-..---.-. 762, 120 | 808, 7 78 799, 281 | 736, 201 
Australia and Polynesia— v. a ad ae 
ueensland - Denia orien ia deere 97, 650 124, 871 164, 241 97, 916 
aoe HasRIC WR lom = 2.5.85 cece eccet 19, 000 15, 500 28, 000 26, 000 
Pigs Istanle; GR OP. ..< = os wo dos nae asc cwen 30, 000 31, 000 34, 000 30, 000 
Total cane sugar, Australiaand Polynesia. 149, 650 171, 371 226, 241 153, 916 

Africa— = = a ; 7 a 

Egypt, EOIN ete oa lags ss eae 95, 000 99, 000 90, 822 80,178 
uritius and other British possessions... > 190, 000 157, 025 186, 487 121, 693 
Réunion and other French possessions. - -.. 35, 000 35, 000 37, 781 81, 483 
otal cane-sugar in Africa ._...........-.- 320, 000 291, 025 815, 090 233, 354 
Matope= Apatite eee 33, 000 38, 215 25, 000 23, 000 
Total cane-sugar production (W. & G.)..| 8,425,022 | 2,867,041 | 2,995,372 | 2, 864, 256 

The world: [ | Th 
Grand total cane and beet sugar production.-..} 9,521,881 | 8,474,985 | 8,009,944 7, 736, 428 
Estimated increase in the world’s production -| 1,046,896 |_......-...- | ciwaisy ¢canten beeeeem aa eae 











In the above table is comprised the entire sugar production of all the countries of the world, 
including those crops which have heretofore been ignored in statistics. These figures include 
local consumptions of home production wherever known. 


PRODUCTION OF BEET SUGAR IN EUROPE FOR FOUR YEARS, 
1896-97 TO 1899-1900. 


The quantities of sugar produced in Europe for four years, from 
1896 to 1900, the last crop partially estimated, are as follows: 


Sugar crops of several European countries. 
Seem Licht’s a Circular. } 











| 1899-1900. ~ 1898- 99. 1897-98. 1896-97. 
Country. Tons of 2,204) Tons of 2,204| Tons of 2,204 | Tons of 2,204 
pounds. | pounds. _ pounds. pounds. 
| 
NRG, Salen pa sdnuduceticdadaieavedadeaccs | 1, 798, 631 | 1,721, 718 1, 852, 857 1, 836, 536 
MENENEI co cans dated cence atdeebuaneue haeaaene 1, 108, 007 1, 051, 290 831, 667 934, 007 
IN cc navdicussakwacnedeansdvensss acceeeen 977, 850 830, 132 821, 235 752, 081 
Rao ns dat Dh os aon atc ee enema ae el 910, 000 776, 066 738, 715 728, 667 
MEN. Sui alg ction hvwaesk oan cuad cassette 304, 000 | 244, 017 265, 397 288, 009 
MIE see sao acirn- a Roe eodamadaced 171 oe | | 149, 763 125, 658 174, 206 
GIRO CUGINON owas once cc ccunconaenne sags 253, 209, 115 196, 245 202, 990 
Total for Europe ......--..-- seneee| 5, 523, 446 4, 982, 101 | 4,831, 774 4,916, 496 
J | 





NUMBER OF FACTORIES, YIELD OF BEETS PER ACRE, AND YIELD 
OF SUGAR IN THE PRINCIPAL BEET-SUGAR COUNTRIES OF 
EUROPE. 

Germany.—Number of factories in operation during 1895-96, 397; quantity of 
beets used, 11,672,816 tons; hectares cultivated, 376,669 (acres, 930,372); mean 
yield per hectare, 31,000 kilos (pounds per acre, 27,669); mean price of beets per 
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metric ton, 17.70 marks (equal to $4.64 per ton of 2,000 pounds); yield of raw suzar < 
(92 per cent) on weight of beets, 13.11 per cent; average output of sugar per 
factory, 4,068 metric tons. 
France.—Number of factories in operation during 1895-96, 356; quantity of 
beets used, 5,411,484 metric tons; yield of refined sugar on weight of beets, 10.97 
per cent; hectares under cultivation, 204,715 (405,852 acres); yield of beets in 
metric tons per acre, nearly 10.5; average output of sugar per factory, 1,876 tons. 
Austria-Hungary.—Number of factories in operation in 1895-96, 215; quantity 
of beets used, 5,760,000 metric tons; yield of raw sugar (92 per cent) on weight of 
beets, 13.5 per cent; average output of sugar for each factory, 3,663 tons. ; 
Russia.—Number of factories in operation during 1895-96, 277; quantity of 
beets used, 5,311,888 metric tons; per cent of sugarin beets, 15.71; average output 
of sugar for each factory, 2,828 tons. 
CONSUMPTION OF SUGAR IN THE UNITED STATES. 
The first of the following tables shows the consumption of sugar in 
the United States for each of the years 1900, 1899, and 1898, with a 
detailed statement of the origin of the sugar consumed, and the 
second is a statement of the consumption in the United States from 
1881 to 1900, inclusive. The tables are taken from the Weekly 
Statistical Sugar Trade Journal of January 3, 1901. 
Consumption of sugar in the United States during the years 1898, 1899, and 1900, 
[Tons of 2,240 pounds. ] 
Source of sugar supply. 1900. 1899. 1898. 
ee g 
Meltings of the four ports... assecenscccusscs| 1, 000;000 | 2,081,000 1, 502, 000 
Of which were domestic from Louisiana crop.. iig cease 3, 482 20, 6, 
1, 702,518 | 1,660,180 | 1,495, 557 
Meltings of foreign sugar through New Orleans. .-........---- | 131, 309 72, 066 9, 431 
Foreign refined through Galvestou......-.......--.------------ boii Sad ome 67 23 
Se ee en a eee oe a 
Export of raw sugar from Atlantic ports. --.-. | 45 1,818 1,450 
Export of refined sugar from Atlantic ports - - | 6, 042 14, 984 4,192 
Total exports to be deducted ......................---- =... 6, 087 16, 802 - 5, 642 
Consumption of foreign sugar through Atlantic ports_-......- 1,827,740 | 1,715,511 1, 499, 269 
Consumption of foreign sugar through San Francisco.-...-..... 132, 274 124, 131 39, 668 
Total consumption OL CODGUETE POET 5 oa a contin s ci cnesicnaxes 1,960,014 | 1,839, 642 1, 638, 937 
Louisiana crop consumed during the year.-.....-......--.------ 168, 000 155, 000 245, 612 
Texas crop consumed during the year ........--..-.-.-.-------- * 6,450 5, 400 7,200 
United States beet sugar consumed during the year --......-..- 82, 736 62, 826 34, 453 
United States maple sugar consumed during the year - a 5, 000 5, 000 5, 000 
Molasses sugar made in United States from foreign molasses. 7, 647 5, 200 1,700 
Total consumption of domestic sugar.-.....-.---------.-. 269, 833 233, 426 293, 965 = 
Grand total -.- bide wae Maange -| 2,229,847 | 2,078,068 1, 932, 902 
Add undistributed refined brought over from: previous years. 20, 25, 000 95, 000 
2,249,847 | 2,098,068 2, eo 902 
Deduct undistributed refined carried over to next year..-...- 30, 000 20, 
Total consumption of all sugar, in tons of 2,240 pounds... “2, 219,847 | 2,078, 068 2, 002, 902 2 i 
! 

Consumption per capita is 66.6 pounds in 1900, 61 pounds in 1899, 60.3 pounds in 1898, 63.7 pounds i 
in 1897, 60.9 pounds in 1896, 64.23 pounds in 1895, 66.64 pounds in 1894, 63.83 pounds in 1893, 63.76 i 
pounds in 1892, 67.46 pounds in 1891, 54.56 pounds in 1890, 52.64 pounds in 1889, 54.23 pounds in 1888, j 
63.11 pounds in 1887, 52.55 pounds in 1886, 49.95 pounds in 1885, and 51 pounds in 1884. a 
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Consumption of sugar in the United States during the years 1881 to 1900, inclusive. 







































ge 
, ital Total con- | Total con- ao 
— sumption paemnase (+) Set sumption paanenee (+) 
— | crease(—). of United | crease (—) 
Tons. Per cent. ‘ 
+ 6.82 + 5.80 
+ 3.75 — 1.21 
— 1.16 + 4.62 
+ 6.90 + 2.73 
+ 0.53 + 811 
— 3.27 + 0.14 
+ 5.08 + 7.0 
: + 2.83 +10.3 
— 1.102 + 6.8 
FOB; OF PIGME 5.5. 5.52.) Se ee wnceeees 
Increase for nineteen years, 123.43 per cent, or 6.34 per cent per annum. 
CONSUMPTION OF SUGAR PER HEAD. 
The following tables, taken from the Weekly Statistical Sugar Trade 
Journal, shows the consumption of sugar in pounds per head for all 
the countries of Europe and for the United States for four years from 
1891-92 to 1894-95: 
Consumption of sugar for the United States and all the countries of Europe for 
1891-92 to 1894-95. 
Country. Population | 194-95. | 1893-94. | 1892-93. | 1891-92. 
- bs oe eee eee ore 
Lbs. Lbs. Lbs. Lbs. 
RES 5 sain wanada pudcedandudeae sd asudamanaee 51, 650, 000 26.78 26.71 22.90 23.56 
PE aca addudwsaderduaiin aa cckaidnden Wawa 43, 456, 000 19. 81 16. 57 17.20 16.05 
Ro onicaan cuscce weacav oawcacuscuacuessoun 38, 800, 000 30. 61 27.80 27.86 30. 46 
RE os aed cnvasecestadeseciceudasewacauceuass 100, 239, 000 10. 94 11. 06 10. 94 10.34 
I ccna aici ca nedecpanusaesdusam aacemovess 4, 732, 000 31.30 25. 55 22.90 26. 88 
RN fines acacimncnusd cus ddeieddacwaracameae 6, 325, 000 22. 50 21.73 21.09 21.29 
I acc 2 Scam owswad Woes aueckocasaeauanl 2,300, 000 45. 41 42.96 43. 53 43. 63 
SWOGST ONG NOLWES «6002. ceccc access eccsecse 6, 873, 000 24. 95 24. 82 23. 64 24.14 
BI ohio yc can xc sgn vasaniceen dosankg eceoaeun ened 30, 724, 000 6. 65 7.07 7.00 7.18 
WIIRIII, 5. ios aus cagunaeddda wocmscddadsaaneacs 5, 800, 000 4.03 4.07 4.53 3.90 
so a vrs aweas caav nave cancawadadsavasenasded 17, 650, 000 13. 68 12. 47 12. 38 11.06 
Portugal and Madeira .... . 200 cnsesessee cnce 5, 082, 000 12. 92 13.09 12.51 12.43 
NINO on. c dass vewe ca ced'a'evatdknensgetqaeuace 38, 927,000 86. 09 84.78 77.40 80. 73 
IRE icin oaealie cana wdaw a cae nen Samecnemema coe 38, 310, 000 8.88 7.14 6.07 5.16 
ED cncwhiad aouevdeeadsdeonsauekcaedsuutaee 2, 235, 000 6.26 7.29 7.38 8.62 
PN aot. sate nt maa ay des unica amano avagtoe 2, 256, 000 4.01 4.25 4.22 3.81 
RIEL esiede cami S'a aie a Bes Sada ugerb aes ata oe URaaeeed 21, 983, 000 7.65 7.25 7. 64 9.30 
IPPON HII won na ccacavgusiesccceecvestn codeos 2,895, 000 44. 66 42.30 81. 62 31.30 
cg el ~ 385,177,000} 25.64| 23.25| 22.02] 22.64 
Upeited Biakee ois, can eee anes 69, 753, 000 62. 60 66. 64 63. 83 63. 76 
OI og ei oe ee 454,930,000|  31.07|  29.33| 28.20 29.00 
j | 
a ees cae 
j 
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We give below figures showing the consumption of sugar per capita 
in the various countries of Europe and in the United States: 


Consumption of sugar per capita, 1899-1900. 











: Population, | 
Country. 1900. 
MMOD See a 5 oo 2b.usacc gpanaca visce sacks panes seskeinsss abesscesepaaasaaacl) | an 
EN to 52 Waadahlcaseeka dean weds spen'eme ae sae 46, 335, 000 
EN eck acchons/enss udegs Sed sass sanaeees Space 38, 565. 000 
Rt GS hs So oa wen aaa ss heatow bai ean .----:-| 107,000, 000 
<a a aes Glee seaeeone: caniaae --| 5,075,000 
RS Brod, a ce maaekaws haut wtdesmacanne cde watete sahw anal 6, 670, 000 
Denmark . ae al oa hie wih 2, 364, 000 
Sweden and Norway. eenckeeeae 7,175, 000 
anor ty asus cus okesneens | 31,856,000 
ene. Sei tetuniiale Si 5, 612, 000 
Cate Seen eet sone a cecnsuen aed 18, 200, 600 
ere and Madeira -.-........ : waa 5, 110, 000 
CE eo Aca cnvintocnacone sancee 40, 708, 000 
Bulgaria - wepkercespaeasas 3, 316, 000 
RGR oe eet 2, 465, 000 
Servia 2, 413, 000 
Turkey 24,515, 000 
Switzerland 3, 145, 000 
All Europe (Licht) 401, 359, 000 
tied Bthtes of America CW G.) 2.6... cocnee scetcnccnscseces ownsne 74, 627, 907 
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“LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT or AGRICULTURE, 
Bureau oF CHEMISTRY, 
Washington, D. C., August 17, 1908. 


Sr: I have the honor to transmit for your approval the third revision of Farmers’ 
Bulletin No. 52, on the sugar beet, prepared by Mr. A. H. Bryan, chief of the sugar 
laboratory, who has had practical experience in the beet-sugar industry. This bul- 
letin was last revised in 1901, having been originally issued in 1897, and first revised 
in 1899. Extensive changes have been made in the text that the most recent prac- 
tices in sugar-beet culture might be given; references to the work of the Bureaus of 
Entomology and Plant Industry, bearing on diseases of the sugar beet, pests attacking 
it, and the development of the single-germ seed have been inserted, and the statistics 
have been brought up todate. It is hoped that the bulletin in its revised form may 
prove as useful as its predecessors to those interested in the extension of this industry, 
the demand for this information having continued during the past nine years. 


Respectfully, 
" H. W. Wuey, Chief. 
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THE SUGAR BEET. 


INTRODUCTION. 


The successful growing of sugar beets is an art that one acquires 
by practice. The farmer who has made a success of raising other 
crops will quite often fail at first in this one, as the methods of cul- 
tivating ordinary crops do not apply in the case of sugar beets. Cer- 
tain directions for the preparation of the soil, the planting, thinning, 
and harvesting must be followed in beet cult:ire. Although it is 
possible to raise sugar beets with little regard to these directions, 
such a crop will usually fail to pay for itself either because the yield 
is too small or the sugar content of the beets too low to meet factory 
requirements. In commercial beet growing, therefore, carelessness 
leads quickly to failure, while careful regard for details spells success. 
Success comes at first from following the advice of successful growers, 
and later it may be augmented by practical experience. Certain 
economies can be practiced, but they should never consist in planting 
a smaller quantity of seed than is prescribed, nor in locating the beet 
field on poor land. 

In the manufacture of sugar from the beet, the farmer plays an 
important part by supplying beets in an adequate quantity and of a 
high quality; but beyond that he can hardly hope to enter the field. 
The manufacture of beet sugar is an industry entirely distinct from 
agriculture, and can only be successfully accomplished by the invest- 
ment of large capital and the employment of skilled artisans. From 
the nature of the process it is quite improbable that any simple 
method of home manufacture of beet sugar will ever prove commer- 
cially successful. The juice of the beet is extracted with difficulty. 
It contains considerable quantities of mineral salts and organic sub- 
stances, which render the crude sugar and molasses therefrom unpala- 
table. Simple processes for the extraction of the juice can at best 
remove only 60 to 70 per cent of the sugar which the beet contains, and 
thus a percentage of loss is incurred which at the very outset renders 
it impossible for a home apparatus to compete with a large factory. 
Beet sugar, for the reasons given above, can not be used in the raw 
state, as is the case with the products derived from the sugar cane, 
sorghum, and the maple tree. The refining of the sugar requires a 
heavy outlay for machinery and a high degree of supervisory skill. 
It can not, therefore, be accomplished upon the farm. 
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The beet-sugar industry offers a great opportunity for the profita- 
ble extension and diversification of agricultural industries in ‘this 
country. ‘The sugar beet is proving a profitable crop for the farmers 
not only in old settled areas where it must compete with a large list 
of established crops, but in the newly developed regions of the West 
where its adaption to intensive farming makes it a favorite crop for 
culture under irrigation. Its influence in developing stock breeding, 
feeding, and dairy industries is attracting the favorable attention of 
farmers interested in these pursuits. The rapid extension of the 
industry during the past few years shows that its value is gaining 
recognition; and there appears to be no valid reason why this exten- 
sion should not continue until all the sugar consumed in the United 
States is made from crops grown by American farmers. 


TEMPERATURE CONDITIONS AFFECTING THE BEET-SUGAR 
INDUSTRY. 


Experience has shown that the sugar beet reaches its highest devel- 
opment in north temperate latitudes. So far as the production of 
beets with high tonnage is concerned, it is found that this can be 
accomplished far to the south, but beets grown there are, on the whole, 
less rich in sugar and less suitable for the manufacture of sugar than 
those grown farther north. It must be remembered, however, that 
the expressions north and south do not refer to any absolute parallels 
of latitude, but rather to isothermal lines, which in many cases vary 
widely from the parallels of latitude and in some cases cross them 
almost at right angles. 

Theoretical beet-sugar belt—-As a result of many years of careful 
experimentation, it may be said that as far as temperature alone is 
concerned the sugar beet attains its greatest perfection in a zone of 
varying width through the center of which passes the isothermal line 
of 70° F. for the months of June, July, and August. This zone for 
this country is shown in the accompanying map (fig. 1). 

This isothermal line, for the United States, begins near the city of 
New York and passes up the Hudson River to Albany; thence turning 
westward, it runs near Syracuse and passes in a southwesterly direc- 
tion, touching the shore of Lake Erie near Sandusky, Ohio; turning 
thence in a northwesterly direction, it enters Michigan and reaches its 
highest point in that State near Lansing; then going in a southwest- 
erly direction, it enters the State of Indiana near South Bend, passes 
through Michigan City, then in a northwesterly course continues 
through the cities of Chicago and Madison, reaching its highest point 
near St. Paul, Minn.; thence it extends in a southwesterly direction 
until it enters the State of South Dakota, where it turns again north- 
west and reaches its highest point in Dakota just above the forty-fifth 
parallel of latitude, where it crosses the Missouri River. The iso- 
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thermal line then turns almost due south, following very closely the 
one hundred and first degree of longitude until it leaves the State of 
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Nebraska near the northeast corner of Colorado; passing in a south- 
westerly direction through Colorado, it reaches, at Pueblo, almost to 
52 





Wiad 


6 


the one hundred and fifth degree of west longitude, whence it passes 
in a slightly southeasterly direction into New Mexico, turns to the 
west, and crosses the one hundred and fifth degree of longitude at 
about the thirty-second degree of latitude. Then turning westward, 
it passes in a very irregular line through the States of California, 
Oregon, and Washington. 

Extending a distases of 100 miles on each side of this isothermal 
line is a belt which may be regarded as the theoretical beet-sugar 
area of’ the United States. There are doubtless many localities 
lying outside of this belt, both north and south, in which the sugar 
beet will be found to thrive; but this will be due to some exceptional 
qualities of the climate or soil and not to any favorable influence of 
a higher or lower temperature. A study of the location of the sugar 
factories operating to-day will show that only five factories are outside 
of these lines. A mean temperature of 70° F. in the summer, how- 
ever, must not be regarded as the only element of temperature which 
is to be taken into consideration. In those localities where the 
winters come early and are of unusual severity will be found greater 
difficulties in the production of sugar from the sugar beet than in 
localities where the winters are light and mild, although the mean 
summer temperature of both localities may be represented by 70° F. 


MOISTURE CONDITIONS AFFECTING THE BEET-SUGAR INDUSTRY. 


Although conditions of temperature must be taken into considera- 
tion in selecting sites for beet-sugar factories, those of rainfall must 
also be studied. The sugar beet requires a certain amount of moisture 
in order to produce its normal crop. This moisture must be derived 
either from precipitation in the usual way or from irrigation; or else 
the soil must be of that particular quality which will allow subter- 
ranean moisture to reach the rootlets of the plants. Soil of this kind 
appears to exist in many localities in California, where beets are grown 
almost without rain. The porous and sandy soils adjacent to many 
of the Western rivers, such as the Arkansas River in eastern Colorado 
and western Kansas, also appear to furnish a sufficient amount of 
subterranean moisture to produce a good crop in connection with the 
rainfall, of which, however, but little is expected in those localities 
during the summer months. Where there is little subterranean mois- 
ture, and whcre irrigation is not practicable, the culture of the sugar 
beet should not be undertaken unless an average summer precipitation 
of 2 to 4 inches per month can be depended on. There are many con- 
ditions of agriculture, however, under which the beet becomes quite 
independent of extremes of precipitation. The beet may thrive with 
very little rainfall or with a great deal, if properly cultivated in a 


suitable soil. 
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GROWING BEETS ON IRRIGATED LANDS. 


The experience of more than twenty years in California and eight 
years in Colorado has shown that the climatic data, regarded as of 
‘prime importance in beet culture in Europe, can not be regarded as 
rigidly applicable to this country. The successful growth of sugar 
beets in the arid regions of our country, with irrigation, has intro- 
duced a new factor into the science of beet meteorology. While the 
arid area on which beets can be grown without irrigation is probably 
confined almost exclusively to the coast valleys of California, the suc- 
cessful commercial production of sugar beets in Utah and Colorado 
has opened a new and extensive field. What has taken place in these 
States is being 
rapidly dupli- 
cated in Idaho; 
a beginning has 
been made in 
Montana, and the 
time is undoubt- 
edly coming when 
beetswill begrown 
in Wyoming and 
probablythrough- 
out the whole arid 
region. 

The northern 
parts of our East- 
ern and Middle 
States and the 
States of Oregon 
and Washington 
have at least an 
equal chance for 
the successful 
production of beet sugar with the fields of Germany and France. 
The irrigable parts of the great Southwest have advantages of soil 
and climate which will enable them to enter into competition in the 
production of beet sugar. To be able to control the moisture of 
the soil is a matter of prime importance to the beet grower. In the 
arid region the time at which the beet matures can be controlled by 
withholding the water. Furthermore, there is no danger of loss due 
to second growth, so easily induced by late warm autumnal rains. 

The high cost of good irrigation renders it imperative that the areas 


under culture be devoted to a crop which is capable of producing a 
2 





Fia. 2.—Kleinwanziebener sugar beet. 
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more valuable yield than is afforded by cereal culture. In a dry soil 
the beet can endure without damage a low temperature, which would 
prove quite disastrous in a wet climate. More complete maturity 
may be thus obtained, and a more leisurely harvest. In fact, there 
is no staple crop which can compete with the sugar beet in demanding 
the favorable attention of those interested in irrigation. If a net 
profit of from $10 to $20 per acre can be secured, from $100 to $200 
per acre can be paid for the land. It is estimated that nearly 
80,000,000 acres of land in the arid regions of the United States may 
eventually be irrigated, being nearly one-fifth of the total area. Of 
this area perhaps 10 per cent is capable of easy and speedy irrigation. 
One million acres planted to beets would yield, under intensive cul- 
ture, a quantity of sugar sufficient, with the Louisiana product, for 
domestic consumption. There is nowhere in sight a more promising 
prospect for agricultural development than i in the production of sugar 
beets on irrigated lands. 


VARIETIES OF BEETS. 


Botanically all kinds of sugar beets are of the same species as 
the common garden beet (Beta vulgaris). The differences between 
varieties have arisen from selection and breeding. Certain valuable 
peculiarities resulting from natural variations or mutations have, 
through careful selection, been fixed, and pure strains having these 
superior qualities associated with certain distinguishing external 
characters have been developed. 

The shape and size of the beet, its color, the character of the foliage, 
whether erect or spreading, etc., are the most frequent marks of dis- 
tinction. The beets are also frequently designated by the names of 
those who have developed them, or by the name of the town or locality 
in which they have been grown. 

Among the more frequently occurring varieties grown in Europe 
may be mentioned the Improved Kleinwanzlebener, the Kleinwanz- 
lebener, and the Vilmorin, the two latter being most widely known 
in this country. Sugar manufacturers prefer those varieties which 
yield a high percentage of sugar, since the juices are purer and the 
expenses of manufacture and the cost of the raw material are less. 
Large beets yielding a large tonnage were usually grown in Europe 
prior to the adoption of legislation placing a tax on the beet itself 
instead of on the sugar, and were preferred on account of the value 
of the pulp for cattle feeding. 

The certainty that the seed has been grown according to the most 
scientific methods is of great importance to the beet grower and 
sugar manufacturer, since the former may depend upon producing 
rich beets and receiving fair compensation for his labor and the latter 
is enabled to operate his factory sconemieally. The beet has reached 
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such a high state of perfection as to make the least degree of laxity 
in its treatment exceedingly dangerous to its qualities. 

The best beet for general cultivation is probably the Kleinwanz- 
lebener, which seems now to have a wider cultivation in this coun- 
try than any other variety. The general character of this beet is 
shown by figure 2. It has a conical root, straight and even, quite 
large at the head and rapidly tapering, and is distinguished from 
the Improved Vilmorin by its brighter color and its lighter-colored 
leaves, which are beautifully undulating or scalloped about the edges. 
Coming from a cross in which the Improved Vilmorin entered largely, 
the Kleinwanzlebener is to-day a fixed variety and is equally well pro- 
duced in France and 
Germany. It suc- 
ceeds in soil of an 
alluvial nature and 
average richness and 
on level plateaus. 
In soils very rich in 
humus it ripens 
poorly and loses 
much of its richness. 
Like the Improved 
Vilmorin, toward the 
end of the growing 
season its leaves are 
completely spread. 
Under those condi- 
tions of culture 
where the Improved 
Vilmorin gives from 
12 to 16 tons per acre, 
the Kleinwanzlebe- 
ner gives from 14 to 18 tons; and from these beets 13 to 18 per cent 
of sugar can be obtained. 

The other general type, the Vilmorin, is illustrated in figure 3. This 
beet is the result of thirty-five years of methodic and persevering 
selection based upon the lines to be indicated hereafter. In regard 
to its preservation, it is recognized that it holds its sugar content 
as well as any other variety. In those factories in Germany and 
France in which sugar is manufactured from the Improved Vilmorin 
in connection with other varieties it is the custom to reserve this 
variety for the end of the season and to work up the less reliable 
beets at an earlier date. It is also said to resist better than any other 
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Fi@. 3.—White Improved Vilmorin sugar beet. 
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variety the unfavorable influence of certain characters of soil and 
of certain manures. In black soils, rich in organic matter, it gives 
great results, while most other varieties of beets become watery or 
saline in excess. Excessive quantities of nitrogenous fertilizers, 
which are carefully excluded from ordinary varieties, can be applied 
with safety to the Improved Vilmorin; a great number of experiments 
have shown that this can be done without serious deterioration in 
the quality of the beet and with a considerable increase in weight. 
However, experiments with Klemwanzlebener beets show that they 
are also susceptible to the influence of such fertilizers, as is shown 
by a gain in tonnage when fertilized. From thousands of analyses 
it has been established that about 16 per cent of sugar can be obtained 
with the Vilmorin and that under favorable conditions from 12 to 
16 tons per acre can be raised. 

In this country considerable quantities of beet seed have been 
grown at Fairfield, Wash., and also by the Utah-Idaho Sugar Com- 
pany in Utah and Idaho chiefly, in the latter case, for its own use. 
In California and Michigan also some seed is produced. 

Within the last four years the Department of Agriculture has been 
doing considerable work in endeavoring to develop a strain of beets 
bearing single-germ seed balls (see p. 30) and in growing seed better 
adapted to the requirements of this country. Considerable prog- 
ress has been made along these lines. The farmer growing beets for 
a factory does not have to consider these points to any great extent, 
as the factories buy the seed and then furnish it to their growers. 
It is of prime importance that the factory purchase the best seed, 
and they are better able to judge as to the kind of seed desired and 
to test its vitality. 


CULTURE OF SUGAR BEETS. 


Farmers who raise beets for a sugar factory are not left entirely 
to their own resources in growing the crop. They enter into a con- 
tract with the factory management which outlines the methods to 
be employed. Then the factory employs an agricultural superin- 
tendent and a corps of assistants whose duty it is to go among the 
growers giving instructions and suggestions regarding the selection 
and preparation of the soil, planting, cultivation, time of harvesting, 
etc. These men are of course well informed on all phases of beet 
culture, and they are usually able to make valuable suggestions in 
regard to the cultivation of other crops grown in rotation with beets. 
Their instructions and influence, therefore, tend to improve the farm 


practice of communities in which sugar beets are grown. 
52 


Q&sitsaa 


CUM 





11 


SELECTION OF SOIL. 


The sugar beet does not require a particular kind of soil for its 
proper production. In general, soils are described for practical pur- 
poses as clayey, sandy, loamy, or alluvial soils; all of these soils will 
produce beets. The black prairie soils also have been found, with 
proper cultivation, to produce excellent beets. Perhaps the best 
soil may be described as a sandy loam, a soil in which there is a 
happy equilibrium of organic matter, clay, and sand. 

New land should not be selected to grow sugar beets, for the crop 
is not a good reclaimer of soils; and especially to be avoided is new 
land containing decaying vegetable matter, which produces only 
rank growth with low sugar content. Preferably the most produc- 
tive land on the farm should be used, such a soil as will yield a good 
crop of Indian corn, wheat, or potatoes. The soil should neither 
be.so compact as to interfere with cultivation to a depth of 10 or 12 
inches nor have a tendency to bake hard. It may contain some 
alkali, as sugar beets are not especially susceptible to injury from 
this constituent. The soil should be reasonably level, but it should 
also be well drained. Natural drainage on level soil being somewhat 


deficient, tile drainage may be practiced with advantage. 


FERTILIZATION. 


Happily, in most American soils there is still sufficient natural 
fertility to produce a good crop of sugar beets; whereas in the soils 
of Europe, where sugar beets have been grown for years, the farmers 
must depend on fertilizers to insure a remunerative crop. 

The principles of fertilization depend upon the fact that a soil 
should have returned to it all that the harvest has removed, and an 
unproductive soil be supplied with those elements in which it is 
deficient. 

The soil ingredients most essential for the successful production 
of sugar beets are nitrogen, phosphoric acid, potash, and lime. 

The following are the quantities of these constituents in 1,000 
pounds of beet roots and in an equal quantity of beet leaves, as deter- 
mined by numerous analyses: 


In 1,000 | In 1,000 


Constituents. pounds | pounds 
of roots. | of leaves. 


_— Pounds. 
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It will be seen from the foregoing table that, for equal weights, 
the leaves make a heavier drain on the plant-food elements of the 
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soil than do the roots. The disposition to be made of the leaves is 
therefore a matter of considerable importance. By leaving them on 
the land the plant-food elements which they contain will be returned 
to the soil. If they are removed for feeding, the need for applications 
of commercial fertilizers is increased. The leaves may, however, be 
fed and the resulting manure may be returned to the soil without 
material loss of these fertilizing constituents; or in some cases stock 
may be turned into the beet fields to feed on the tops and leaves 
remaining on the ground after the harvest is completed. 

Most soils contain a sufficient quantity of lime, although there 
are some in which the supply of lime is naturally deficient; and 
such soils would be benefited by an application of land plaster, 
burned lime, phosphatic slags, or ground shells. Phosphoric acid 
and potash are supplied in the form of ordinary commercial ferti- 
lizers—the phosphorus as ground bone, superphosphate, or basic slag, 
and the potash may be supplied in the form of muriate or sulphate 
of potash or as kainit. 

Nitrogen may be supplied in the form in which it exists in ground 
bone, or from the refuse of the slaughterhouses in the form of dried 
blood and tankage, or as cotton-seed meal or oil cake, or as nitrate 
of soda, sulphate of ammonia, etc. 

Barnyard manure offers a ready means for fertilizing the soil, and 
one which every farmer can employ. By its use, humus is added to 
the soil as well as small percentages of potash, phosphoric acid, and 
nitrogen. There is a great difference of opinion as to the best time 
and method for applying it to beet land. In general, however, it 
should be applied, in a well-rotted condition, in the autumn before 
the ground is plowed. The quantity per acre depends, of course, on 
the fertility of the soil; but in any case it is not best to apply a very 
heavy dressing. With poor soils it is best to apply the manure for 
several years in succession, rather than to apply enough at once to 
bring it up to the required state of fertility. Too copious an appli- 
cation of manure is apt to produce overgrowth in the beets, which 
makes them ill suited to the manufacture of sugar. If the manure 
be applied in an unrotted condition it is apt to seriously injure the 
crop in case of dry weather. 

As to the relation which the quantity of material returned to the 
soil should bear to the quantity abstracted by the beet, it may be 
said in general that it is desirable to return as much nitrogen, from 
one and a quarter to one and a half times as much potash, and two 
and a half times as much phosphoric acid as have been removed by 
the roots. Greater additions of potash and phosphoric acid have 
no disadvantageous effects upon the crop. But it must not be 
expected, on the other hand, that increasing fertilization, especially 
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with potash, will produce proportionately increasing crops, as has 
been asserted by some. 

As regards the use of nitrate of soda for fertilization, if applied 
late to the beet crop, it prevents its ripening, thereby lowering the 
sugar content. It is best applied early and in small quantities. 
Heavy applications are thought to injure the beet for manufacturing 
purposes. 

CROP ROTATION. 


Every farmer should understand that he can not continuously grow 
any crop on the same ground and secure maximum results. Many 
try to do this, but they do it to their own loss and the depletion of the 
soil. 

One of the great objects of crop rotation is to bring about and 
maintain an equilibrium of soil constituents and conditions. The 
best rotation is the one in which the method of culture and action of 
the plant each year leave the soil in the best condition for the fol- 
lowing crop. Beets do best after alfalfa, corn, or small grains. 

A good scheme of rotation is, first, wheat; then beets; then clover 
for two years, the last crop being plowed under; then potatoes, 
wheat, and beets in the order mentioned. If alfalfa can be grown, 
it should be included in the rotation of crops. Also in some sections 
potatoes do well in the rotation. By this method, and a judicious 
use of stable manure and commercial fertilizers, the fertility of the 
soil can be maintained and even increased. Beets do well after 
small grain crops, because these, being harvested early, leave the 
ground ready for late autumn plowing, an important point in suc- 
cessful beet culture. 


PREPARATION OF THE LAND FOR PLANTING. 


The field in which beets are to be planted should be selected and 
plowed in the late autumn to the depth of at least 9 inches. As a 
rule the plow in each furrow should be followed by a subsoiler, which 
will loosen the soil to the depth of 6 or 7 inches more. A convenient 
subsoil plow is shown in figure 4. Each field to be planted in beets 
should thus have the soil prepared by thoroughly loosening it to the 
depth of from 15 to 18 inches. The land, being exposed through the 
winter, becomes quite mellowed, and in the spring can in many cases 
be prepared for planting by thoroughly cultivating the surface of the 
soil until it is reduced to perfect tilth. The large cultivator shown in 
figure 5 can be conveniently used for this purpose, followed when 
necessary by a harrow and roller. Too much can not be said of the 
importance of correct preparation of the ground before seeding, as on 
this condition the crop depends to a large extent. The seed bed 


should be uniformly well pulverized. It is desirable, however, that 
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each portion of the field to be planted should be thoroughly prepared 
immediately before the planting takes place. For instance, if the 
planting is to be made on a given day, the soil should be thoroughly 





Fie. 4.—Subsoil plow. 


prepared on the previous day. Thus all weeds and grasses which 
have started to grow are killed, and the beets have an even chance 
with the weeds for growth. If, on the other hand, the soil be pre- 
pared a week or even a few days before planting, the weeds and 
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Fig. 5.—Cultivator for sugar beets. 


grasses get a good start, and it is difficult to free the beets therefrom. 
In case the ground has to stand any time before seeding after being 
prepared, it should be constantly and thoroughly cultivated. 
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PLANTING THE SEED. 


Hand planting of the seed may be practiced when a very small plat 
is to be put in beets, but where a field embracing an acre or more is 
to be planted it is not convenient. In such cases planting by drill is 
best. Almost any garden drill can be adapted to use with beet seed. 
Special drills for sugar-beet seed are made by many manufacturers 
of agricultural implements. In planting by drill it is necessary to 
use from 15 to 20 pounds of seed per acre; in planting by hand from 
10 to 15 pounds will be found sufficient. 

A very convenient hand drill, which is especially fitted with a beet- 
seed dropping apparatus, is shown in figure 6. This machine marks 
the row, excavates the furrow, drops the seed at any required dis- 
tance, and covers it. 





—-= 


Fig. 6.—Hand seed drill. 


The beets should be covered to a depth of one-half inch to 2 inches, 
according to the state of the soil. If the soil be moist and in excellent 
condition, the beet seed should not be covered more than half an 
inch. If, on the other hand, the soil be very dry and early rains are 
not probable, the seed should be covered to a depth of 2 inches. 

In the matter cf space between rows there is considerable varia- 
tion. In some cases the rows are made only 16 inches apart, and in 
others as wide as 28 inches. In recent years the tendency has been 
to increase rather than diminish the distance, though much depends 
on the soil and local conditions. It is argued by many that the 
greater ease and economy of culture with the wider rows outweigh the 
increased yields per acre which may be secured in the narrower rows. 
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When a considerable acreage is planted, it is important to be able 
to plant two or more rows at a time. The accompanying illustra- 
tion (fig. 7) shows a seed drill which plants four rows at once. 

In planting by hand or by drills an effort should be made to drop 
the seeds singly and at equal distances apart. 

Under irrigation planting can be accomplished at almost any time, 
as the ground can be irrigated, then cultivated, and the seed planted 
at once. 

Beets should be planted as early in the spring as practicable, but 
the ground should have sufficient moisture and warmth to cause 
germination of the seed. Experience has shown that the early- 
planted beets almost uniformly produce a larger yield with a higher 
content of sugar than the late-planted. No exact date can be fixed 
which would be suitable to all localities. In most of the localities in 





Fre. 7.—Four-row seeder. 


the beet area or the United States it will not be found practicable to 
plant earlier than the first week in May. In exceptional seasons a 
part of the sowing can be accomplished in April. On the Pacific 
coast, especially in central and southern California, the sowing can 
take place at a much earlier date. In parts of California planting is 
done in December with favorable results. But if planted too early, 
some of the beets will go to seed before harvest time. When this 
happens the percentage of sugar is diminished. 

Most factories, by way of inducement to early planting, offer free 
seed for replanting any beet fields that may be injured by frost or 
other unfavorable conditions. This early planting makes it possible 
for the factory to begin its campaign earlier in the fall. 
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CULTIVATION. 


To prevent the formation of a crust, and to keep the weeds and 
grass from getting a start, it is often necessary to cultivate the beet 
field with a spike harrow before the plants come up and to continue 
such cultivation until the beets are large enough for row cultivation 
to begin. Cultivation must not be postponed or neglected unless 
wet ground makes it impossible. The purpose of cultivation is two- 
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Fig. 8.—Horse hoe. 


fold: (1) To hold the moisture in the soil; (2) to destroy the weeds 
and grass, as in the early stages of the beet’s growth these can spoil 
the stand by choking the plants. When the land becomes dry is the 
most important time for cultivation in order to prevent the escape of 
moisture from the soil. Cultivation should be continued until the 
beets have attained such a size that the leaves cover the ground. 
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When large fields are cultivated, the horse hoe, a model of which is » 
shown in figure 8, may be used. For smaller fields a similar appara- 
tus propelled by hand may be employed. Convenient implements of 


Fia. 9.—Hand-wheel hoes. 


this kind are shown in figures 9 and 10. This implement frees the 
spaces between the rows of beets from weeds, and guards are used to 
prevent the growing beets from being covered by the loose soil. 


Fia. 10.—Cultivator for beets. 


In growing beets with irrigation a cultivator which will prepare the 
furrow for conducting the water over the field is important. Such a 


device is shown in figure 11. In this implement the plow shown in the 
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rear of the cultivator teeth forms the required furrow and can be 
set at any required depth. 

In the cultivation of large areas an implement adapted to four 
rows of beets is desirable. Such an implement, however, can not be 


Fig. 11.—Beet cultivator for irrigated lands. 


advantageously used, except in those cases where the beets have been 
sown with an implement planting four rows ata time. The cultivator 
shown in figure 12 is suitable for use on fields which have been planted 


Fie. 12.—Four-row beet cultivator. 


with the seeder shown in figure 7. Different kinds of devices for culti- 
vation can be easily attached so that the implement can be used as a 


plow, a cultivator, or a harrow. 
52 





20 


BUNCHING AND THINNING. 


When the beets show three or four leaves, they should be bunched 
and thinned. The bunching is best accomplished with a short-han- 
dled hoe. One stroke of this implement takes out all the beets in.the 
row except small bunches from 8 to 10 inches apart, depending on the . 
width between the rows and other circumstances. From these 
bunches should be removed by hand all the plants but one, the 
largest and healthi- 
est. Great care 
should be exercised 
in this work, and by 
careful selection all 
of the inferior plants 
will be removed. 
On the proper thin- 
ning, the tonnage 
largely depends. 
This does not mean 
that less space 
should be left be- 
tween the plants. 
If the rows be 18 
to 24 inches apart, 
the space between 
plants can vary 
from 8 to 10 inches, 
depending on the 

SSAN nature of the soil. 

_— When thinning, it is 

Fia. 13.—Correct position of a mature beet in the soil. a good pl an to give 

the ground a thorough hand hoeing. This can be done at a little 

extra expense and will pay for itself in the long run. If the thin- 
ning is put off too long, the crop will suffer. 


SS 


S 
SSs 
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POSITION OF THE BEET IN THE SOIL. 


It is important not only that a sugar beet should be of proper size 
and shape, but also that it be grown in such a manner as to secure the 
protection of the soil for all of its parts except the top with foliage. 
The proper position for a beet to occupy in the soil at the end of growth 
is shown in figure 13. This position can only be secured for the beet by 
growing it in a soil sufficiently pervious to permit of penetration by 
the taproot to a great depth. It is for this reason that subsoiling in 
the preparation of a field for the growth of sugar beets is of such great 
importance. If the beet, in its growth, should meet a practically 
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impervious subsoil at the depth of 8 or 10 inches, the taproot will be 
deflected from its natural course, lateral roots will be developed, the 
beet will become disfigured and distorted in shape, and the upper por- 
tion of it will be pushed out of the ground. Experience has shown 
that the content of sugar in that portion of a beet which is pushed 
above the soil is very greatly diminished. 


HARVESTING AND DELIVERY OF BEETS. 


The time for harvesting varies in different localities. In southern 
California the beets planted in December are ready for harvesting in 
the latter part of June or the first of July. In general it may be said 
that beets planted the first week in May will be ready for harvesting 


Fic. 144.—One type of beet harvester. 


about the 1st of October. Harvesting should be postponed to as late 
a date as possible, provided the beets are in no danger of a second 
growth and are not exposed to a freezing temperature. The leaves of 
the ripened beet change from a rich to a yellowish green, droop and 
lie close to the earth, and many of them die. 


REMOVING BEETS FROM THE GROUND. 


The harvesting is easily accomplished by first loosening the beets 
in the soil and then removing them by hand. For loosening the beets 
a common turning plow is often used. The edge of the share cuts off 
the tap roots at the proper depth and the beets are lifted and thrown 
over by the moldboard. Better adapted to this work, however, are 
plows which have been specially constructed for beet harvesting. In 


many localities beets are harvested with an implement such as that 
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shown in figure 14. It can be used very successfully where rows are 
perfectly straight and the beets of uniform size. The lifting part of the 
apparatus runs deep enough in the soil to catch the beet below its mid- 
dle part. As the “digger” is drawn forward, the beets are caught 
between its two prongs, which are nearer together in the rear and 
slope upward; as a result the beets are lifted and the tap roots broken. 
After the harvester has passed, the beets are lifted out of the ground 
by means of the leaves. 

Several more or less complicated devices have been invented 
which are designed not only to lift the beets but to cut off the tops 
and shake off the adhering dirt. Some ambitious inventors have 
attempted the construction of a harvester which will not only dig, 
top, and clean the beets, but load them into a wagon. Such a har- 
vester is much to be desired; but while some of these inventions have 
worked fairly well under favorable conditions, it must be said that 
none has yet proved satisfactory under all conditions. Hence the use 
of such harvesters has been very limited. 


TOPPING. 


The next operation consists in removing from each beet the top 
or neck bearing the leaves. This is done by a large knife. The 
object of removing this portion of the beet is to prevent the mineral 


salts, which have accumulated in large quantities therein, from 
entering the factory, as they exercise a very deleterious influence 
on the crystallization of the sugar. ‘The tops and leaves are well 
fitted for feed or for fertilizing purposes. (See p. 39.) 

The removal of the tops of the beets is a tedious process, which 
in Europe is performed by women and children. In this country 
sometimes the whole family goes to the beet field and performs the 
work. More commonly, however, it is done by laborers of various 
nationalities, who are brought in by the factory and with whom the 
farmer contracts to do this work as well as the hand work of growing 
the crop. 

The topping of the beets can be a source of great waste for the 
farmer, as too much may be taken off and the tonnage decreased. 
Constant supervision is necessary in this work. Several attempts 
have been made to construct a mechanical device by which the 
beets can be topped, thus saving a large expense, and perhaps a 
successful device of this kind may some day be invented. So far 
as is known at the present time, however, this process has not been 
successfully accomplished by machinery, and the topping must still 
be done by hand. 

When the beets are topped they are thrown into piles, and the 
leaves are thrown over them as a protection from the sun or frost 
until they can be delivered to the factory. 
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DELIVERING BEETS TO THE FACTORY. 


After they are harvested and thrown in piles in the field the 
beets are usually loaded into wagons and hauled directly to the 
factory or to a railway station for shipment to the factory. Ordi- 
nary farm wagons are often used for this purpose; but wagons spe- 
cially designed for this work are more satisfactory, and hence are 
widely used. The bottom and sides of the wagon bed are made of 
slats with one-half to 1 inch spaces between. As the beets are 
hauled the shaking and rubbing of the beets tends to free them of 
adhering soil, which falls out through the cracks. The ends of the 
wagon bed are stationary and the sides are hinged so as to drop 
down. These wagons will hold from 3 to 6 tons. A net of rope 
having from 2 to 3 inch mesh is spread in the wagon first, and on 
this the beets are thrown. On arrival at the factory the side next 
the bin is lowered and the projecting net on the other side is fastened 
to a tackle and raised by power. In this way the load is dumped 
quickly and with little labor. Sometimes nets are used as a means of 
lifting beets from ordinary farm wagons. 

Where the beets are shipped by rail a special dumping apparatus 
is installed at the shipping point. The usual form of railroad 
dump is a high platform approached by a long incline. The loaded 
wagon is drawn up, the team is unhitched, the wagon locked on the 
platform, the side dropped, and the platform tipped by machinery. 
In this way the load is dumped. With another style of dump the 
wagon is not driven up on a platform, but is left on the ground, 
the wagon bed being lifted to a height and then dumped. 

In cases where there is no railroad dump, a car is placed on a 
siding and the beets are shoveled into it. 

When delivering to the factory, the farmer need not go home 
with an empty wagon; he can collect manure to be used in fertil- 
izing his fields or can obtain a load of pulp for feed. Most fac- 
tories, in their contracts with farmers, stipulate that a certain per- 
centage of the weight of the beets delivered can be taken back in 
the form of pulp. This is a valuable cattle food and the farmer 
should not miss the opportunity to use it. 


TARING. 


In shoveling the beets into wagons for delivery to the factory, a 
certain amount of extraneous matter, such as stems, tops, and clods 
of dirt, are also thrown in; moreover, certain soils cling to the beets 
more than others, especially after wet weather. Some deduction 
must be made from the weight of the load delivered to account for 
this. Again, the topping may be very poor, not enough being 
removed, so that there is a loss to the factory, which should be con- 


sidered. A sample is taken when the load is dumped into the bins 
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at the factory, the actual percentage of tare is determined, and this 
figure is applied to the whole load. From the nature of the case, 
different loads may have a varying percentage of tare, and this 
point is a constant source of friction between the growers of beets 
and the factory. But usually it is stipulated in the contract made 
by the factory with the farmers that the latter may appoint a man 
to oversee this step in the process. 


SILOING SUGAR BEETS. 


When beets are to be preserved for manufacture during the win- 
ter months or for the production of seed, they must be carefully 
protected from the deteriorating effect of freezing and thawing. The 
simplest and the easiest method is to place them in piles and cover 
them with earth, not too deeply, for if they become too warm in the 
silo they rapidly lose in sugar content. When first siloed, they should 
be covered with only a slight layer of earth; as the cold of winter 
becomes more intense this covering can be increased. In some 
localities only a slight covering of straw is necessary to protect the 
beets, as, for instance, in California. In other localities, such as in 
Michigan and Wisconsin, it is probable that the beets have to be 
covered to the depth of 6 inches, and even more, to protect them 
from frost. 

It is most important not to put too many beets in one pile, cer- 
tainly not over 5 tons. If, however, the silo is made in the form of 
a rick, no such limitation is necessary. There must be an opening 
in the top to allow ventilation. In case of a rick there may be 
several. The silo should be placed on the highest point of land 
available to provide for proper drainage in case of heavy rains or 
melting snow. The beets should be siloed on the same day that 
they are removed from the ground. 

The object of siloing, in case of beets for seed, is to prevent them 
from freezing, and greater care should be used in making the silos. 
In the case of factory beets, the purpose of siloing is not entirely to 
prevent freezing, for in the frozen state the beets do not deteriorate 
to any extent; but it is to keep them fresh and prevent their wither- 
ing or drying out. Freezing and thawing, however, must be avoided, 
as beets that freeze and thaw a number of times lose a greater part 
of their sugar by inversion and decomposition. 

It is becoming customary in this country for the sugar companies 
to ask the farmers to silo part of their beets when the total crop 
can not be worked up before winter sets in. To repay the farmer 
for this extra handling they are given a sum varying from 20 cents 
to 50 cents a ton extra. A few factories situated in the cooler 
regions where siloing must be practiced agree to take all of the beets 
of the farmer before frost comes and silo them, but this is not the 
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general practice. In California very little siloing has to be done, 
and then only by using the leaves as a covering. 


COST AND PROFITS OF GROWING SUGAR BEETS. 


The cost of growing an acre of beets depends on so many varying 
factors as to render it impossible to give an estimate which is reliable 
for every locality. The differences in rent of land, cost of labor, meth- 
ods of culture, etc., require that any estimate which may be given 
should be revised for almost every series of conditions. The following 
estimate of the cost per acre, made several years ago when wages were 
somewhat lower than at present, is based on a yield of 12 tons per 
acre, except in Utah, where the yield was placed at 15 tons. 

An assumed yield per acre is requisite in estimating the cost of 
harvesting, etc., since a part of the cultivation and the harvesting are 
often contracted at a certain price per ton of beets. The figures given 
below are from actual averages or from estimates by experienced men. 


Estimated cost per acre of sugar-beet culture. 




















Items. | Pl | Utah. | Nebraska. Michigan. 
RE OU NING 550s yoo ocde saccdacd dcteubeskkoape est seen tthiden acess $1.00 to $1.50 | $2. 25 
Plowing and harrowing...........-... ssawcacebeeeneed $3. 50 2.50 to 3.00 /f : 
MEE IE ME eo 6 oS vncsspccevdesccncycegetmncns 2.75 3.25 to 3.85 2. 50 
Bunching and thinning........ ‘ j 4.00 7.00 7.00 
pt ee ee es se 14. 40 4.00 2.00 to 4.00 4.00 
Cultivating...... 4 oxt | 2.00 1.50 to 1.60 1.530 
Other expenses. . OED hi ~ Kccctavcnsccedccliansuleusan 
Harvesting and delivering ¢15.00 11. 00 to 13. 20 17.20 
DWAR Son vancies aes pacx Ron eee al Mensa denienaas i 32. 75 28.25 to 34.15 34. 45 
Cost of siloing when necessary. ...........------.---- ndedagesePiwads debian 2.50 to 8.00 |........... 
4 Cost of irrigation. » Exclusive of delivery. ¢ Based on a yield of 15 tons per acre. 


In the above estimate was included the cost of the best culture, 
but nothing for rent of land or a reasonable application of fertilizers. 
It is probable that the actual cost to our farmers for the first few 
years of the beet industry did not exceed $25 to $35 per acre and in 
many instances fell below these figures. 

It is reasonably certain, accidents of season aside, that a net profit 
of from $8 to $15 per acre may be expected from the proper culture 
of the sugar beet in localities near a factory when all the conditions 
of the best methods of culture are fulfilled. 

For comparison with the above estimate there are given in the 
following table the actual figures submitted by a Colorado farmer, as 
published in The American Sugar Industry and Beet Sugar Gazette 
of June 20, 1907, and also those given by a Wisconsin farmer and a 


Washington farmer in the same journal for April, 1908. 
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Reported cost of sugar-beet culture in three actual cases, and the net returns. 

















———$—$< $ 
Items. Colorado. | Wisconsin.) Washington. 
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SIE, EINWENENE, MOVONINE ooo a. csc sceavbedcapedssesbaraccta $8.75 $34. 85 $24.00 
Rare Gta men thins rasban shae nv nseies ap eau <cweleweisbee~ aden sees $12. 30 $39.00 $26. 70 
Neen gy ic po pdew ie odiobn bv wweeun ods ache Neen news $2. 25 $6. 40 $4. 00 
MIE bn So eh gigi ate o kk bcd kee cons chess to sous seeeemeueon $22.7 \ $60.00 $66. 00 
RIE eC Par ek oS ead eet usnc chen od se vaeneay $10. 25 | : $30. 50 
i I. Lo sche accdnencsectocthantebsaestatsae | $9.00 | $27. 50 $17. 50 
Decca da kee eesces Lukes ence eeaiewe ons WE be vnencectoualuasteuacat cakes 
MMM eid onc acgd ios Seen ah akevesuasbieouesbusosne $71.05 $167. 75 $168. 70 

rn NOR PONDS, i. cr 2. se ha dsesce seers cauee cheat $14. 21 $15. 25 $15. 34 

Care ae ENDS MUN URUEVOTY 5 ono 5 ons oc nen eneet cuauspevatsastvceswees | $218.00 $133. 15 
SUMP ORE MOP BOND 8b. sok cceoeviwdesauceascet $27. 00 $35. 07 $27. 44 
Number of tons of beets haryested................-----.----0--- pe es 135 115 
NINE MR MMBROR Cs os. ccc.cic cowaneag bere dneebasacce toclacedassienes | $695. 00 $607. 00 
ee RIOR MOU SS. ok wade c stp b me guadaeenabiedaccent}cchcbcaswons | $63. 18 $55. 18 








SE NUNMEIG on? 5-5 oS tie Gaccr sick tasedhpscdcadiwesebeule wd wiebincets | $28. 11 $27. 74 









In none of these estimates have the rent of the land or interest on 
capital been considered. It is not wise to underestimate the actual 
cost of growing the beets, for this will lead the farmer to expect large 
profits, which often in practice give way to actual deficits. 










VALUATION OF BEETS AT THE FACTORY. 





In the purchase of beets for sugar making the factories offer the 
growers either a ‘‘flat rate’’ or a ‘‘sliding scale.” In case the former 
system is adopted, the factory offers a uniform price of $4.50 or $5 
per ton for all beets which reach or exceed a certain minimum stand- 
ard of quality, as, for instance, a sugar content of 12 or 14 per cent 
with a purity of 80. In case beets which fall below this standard are 
offered, the factory may make a reduction in the price or refuse the 
beets, but no extra price is paid for beets which exceed the standard 
requirements. If the ‘‘sliding scale’’ is adopted, the factory offers a 
minimum price of say $4 or $4.25 for beets which reach a minimum 
standard of quality, as, for instance, 12 per cent of sugar with a purity 
of 80, and makes an extra allowance per ton of 25 to 35 cents for each 
per cent of sugar in excess of the established minimum. Under this 
system beets of extra fine quality may bring $5.50 per ton or even 
more. Some factories buy all their beets at a flat rate, cthers buy 
only according to a sliding scale, while many offer the farmers their 
choice between the two systems. 

In determining the quality of the beets a sample is taken from each 
load delivered. The percentage of sugar is determined either directly 
from the beet or from the expressed juice. If from the juice (which 
is the usual method), the percentage of sugar in the beet is calculated 
from that in the juice. tp 
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According to a United States Census report on the manufacture of 
beet sugar in 1905, the average prices paid for beets were as follows: 


Prices per ton paid for beets in 1900 and 1905 compared. 


1905, | 1900. 


IIR ds vices acs scaneearteds 5 

Michigan 

California 

Wisconsin 

PTOI, 815-0 5G ca avn tcince cesses abut eaeeeuiads up aanssadsaae etccncweka kane te 


Average for the United States 


A comparison of these figures shows that there was a large increase 
in the price of beets during this five-year period. 


BEET-SEED PROBLEMS. 
PRODUCTION OF SEED. 


The production of seed is one of the most important operations 
connected with the sugar-beet industry. On the care and skill which 
are displayed in this process depend the improvement and mainte- 
nance of the sugar-producing qualities of the beet. It is, however, an 
industry in itself and only the result is of practical interest to the aver- 
age farmer. There are many different methods employed for producing 
seed which will grow the richest sugar beets, but there will be given 
here only a general outline of the principles which underlie the proc- 
ess. The beets which are to be preserved for seed are called ‘‘moth- 
ers” and are selected at the time of harvesting from specially grown 
beets or from fields of beets which have shown particularly good 
qualities on analysis. The size of the roots selected for mothers is 
about the average for the best sugar beets, viz, from 20 to 24 ounces. 
Smaller beets than these might show a higher content of sugar, but 
it is not wise to produce a race of small beets. The weight of the 
mothers having been decided upon, the beets are next selected for 
their shape and external appearance. Those regular in shape and 
smooth in external form are to be preferred. 

The beets to be preserved for mothers are harvested with the 
greatest care to avoid injury. The top is not cut away, but the leaves 
are removed by cutting off the stems without injuring the top of the 
beet. 

They should be siloed in such a way as to protect the beets entirely 
from frost and yet prevent their growth in the silo until the spring. 
The beets are removed from the silo at an early date in the spring and 
are immediately subjected to analysis. The final selection depends 
upon actually determining the density of the juice and its content of 


sugar. For this purpose a cylindrical piece of the beet is removed 
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by an appropriate instrument cutting diagonally through the center 
of the root. This piece may weigh one-half ounce or even more, and 
its removal does not injure the beet for seed-bearing purposes. The 
juice is expressed from this piece and its specific gravity determined, 
as well as the percentage of sugar in the juice. From the specific 
gravity the amount of solid matter in the juice can be calculated. 
The percentage of sugar is determined by means of the polariscope. 

From these data the quality of the beet is ascertained and the 
question as to its use as a mother for seed is determined. An impor- 
tant figure in this work is the ratio of sugar to total solids in the beet; 
that is, the sugar divided by the total solids, the quotient being mul- 
tiplied by 100. This figure is spoken of as the “‘ coefficient of purity.” 

The procedure for selecting beets where seed is produced on a com- 
mercial scale is in brief as follows: A standard is set for sugar con- 
tent and also for purity. The beets are analyzed separately and 
are divided into two classes, namely, those in which either the content 
of sugar or the purity falls below the fixed figure, and, second, those 
in which these two numbers equal or exceed the fixed figures. It is 
sometimes customary to divide the latter class into two portions, 
viz, those roots in which the numbers equal or slightly exceed the 
standard, and, second, those which show exceptional richness. It is 
also customary to number each beet, and the number, which is cut 
into the skin of the beet, will remain legible even after the seed has 
ripened. Some of the producers of sugar-beet seed preserve the 
product of seed from each beet by itself, and do not use it to inaugu- 
rate the production of seed for commerce until it has received an addi- 
tional year’s trial. 

Many seed producers determine the percentage of sugar in the beet 
by a direct analysis of a pulped sample and base the selection of the 
mothers on the number so obtained, without regard to the coefficient 
of purity, as it has been proven in Germany that a beet of a certain 
sugar content will under most circumstances have a certain purity. 

By careful selection of mother beets and scientific culture the 
sugar beet has been raised to its present high standard of excellence, 
and is only maintained at this standard by constant supervision, such 
as has been indicated. 


DOMESTIC PRODUCTION OF BEET SEED. 


The commercial production of beet seed of pure pedigree and high 
grade has not been practiced to any great extent in this country. 
Beet seed has been grown for a number of years in the State of Wash- 
ington and also in Utah. The latter State consumes its own crop, 
while the seed from Washington has been used in all the beet-growing 
States. In 1904 the Department of Agriculture distributed 13,962 


pounds of American-grown sugar-beet seed, the greater part coming 
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from Washington. This seed went to farmers growing beets for fac- 
tories, and therefore was tested in direct comparison with the factory 
seed which is practically always imported. It was tested on 153 
farms, representing thirteen different States, 564 acres being planted. 
The results gave an avérage yield for Washington-grown seed of 10.72 
tons per acre, against 9.92 tons harvested from an equal area raised 
from imported seed. 

To grow sugar-beet seed commercially certain conditions must 
exist which are not always applicable to experimental work. It is 
necessary not only that seed of high quality be grown, but also that 
it be grown economically and that there be reasonable certainty of a 
crop. Climatic conditions, such as the probability of severe rain- 
fall at the time of harvesting, play an important part in selecting a 
location for a beet-seed farm. The prevalence of insects and other 
pests must also be considered. 


COMPARATIVE VALUE OF DOMESTIC AND FOREIGN SEED. 


Numerous comparisons of home-grown and imported beet seed 
have been made. The plants from the native-grown seed seem to 
have a higher vitality and to be better suited to the climatic condi- 
tions of the locality than those grown from imported seeds. They 
show during the growing season a more abundant foliage and a better 
development of roots. This higher vitality and quality of the beets 
grown from domestic seed illustrate in a forcible degree the advisa- 
bility of the production of our beet seed at home. Even granting 
that seeds produced in foreign countries have the same high qualities, 
it must be admitted that their vitality is in danger of being very much 
diminished during shipment to this country. The moist air in the 
holds of ships in which they are transported often produces moldi- 
ness and incipient germination, which tend to diminish their value 
greatly. In 1904 American-grown seed yielded 10.72 tons of beets 
per acre with a sugar content of 15.41 per cent, while imported seed 
averaged 9.92 tons with 15.26 per cent of sugar, the excess of sugar 
from the use of American-grown seed being from 300 to 350 pounds 
per acre. In 1905 American-grown seed yielded 14.32 tons of beets 
per acre with 14.9 per cent of sugar, while imported seed averaged 
12.14 tons with 15.1 per cent of sugar, an excess of more than 600 
pounds of sugar per acre of beets. In 1905 the averages were taken 
from 278 acres. These data should be carefully studied by all those 
who are interested in the production of beet sugar in this country. 
At present there is one grower of beet seed on a large commercial 
scale, and it is certain that it will not be long before there will be a 
demand for the establishment in this country of more plantations 
devoted exclusively to the production of beet seed on the most 


approved scientific principles. 
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The quantity of seed required to plant an acre is about 15 pounds. 
The approximate number of acres planted to beets in this country 
during the season of 1907 was 400,000, requiring 6,000,000 pounds of 
seed. More than 6,500,000 pounds of seed were required for the crop 
of 1908. It is evident that there is already an opportunity for the 
active operation of large plantations devoted exclusively to the pro- 
duction of beet seed for domestic use. 

Another point to be considered is that by the importation of foreign 
seeds there is danger of introducing those diseases of beets which have 
occasioned such ravages in Europe. 


SINGLE-GERM BEET SEED. 


The average beet-seed ball contains from 1 to 7 germs or seeds, 
each capable under certain conditions of producing a plant. In 
practice some seed balls will produce as high as seven plants, while 
others will only produce one. The Bureau of Plant Industry of the 
Department of Agriculture has undertaken the development of a 
strain of sugar beets bearing single-germ seed balls, and the results 
of that work up to 1905 have been published in a bulletin of that 
Bureau (No. 73). By careful selection, plants bearing 50 per cent of 
single-germ seeds have been produced. It is confidently expected 
that in time a plant bearing only single-germ seeds will be produced. 
The economy in the use of such seed is evident, as, when planted in a 
row, the thinning can be done by means of a hoe, thus doing away 
with hand thinning. This work was undertaken in 1902, and up to 
the present time is still in an experimental stage, none of this seed 
being available for distribution. 


DISEASES AND INSECTS AFFECTING THE SUGAR BEET. 


There are three diseases of the beet which prove especially destruc- 
tive: One is the “leaf spot” due to a fungus (Cercospora beticola), 
in which the leaves are covered with brown spots and die, forcing the 
beet to throw out new leaves at the expense of the sugar content 
and growth of the root. This has been successfully combated on a 
small scale by spraying with Bordeaux mixture, but whether this can 
be done economically on a commercial scale is still under investiga- 
tion. The second disease, “‘root rot,” likewise due to a fungus 
(Rhizoctonia), in which the roots finally rot off, seems to be increas- 
ing. If attended to in time, it can be checked by the use of air- 
slaked lime. The lime is sprinkled broadcast over the infected area 
and thoroughly hoed into the soil. The third disease, known as 
“‘curly top,” causes the leaves to curl up; the beet does not develop, 
but finally dies. No satisfactory means of combating this disease has 
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so far been devised, but a report on the subject has been issued by 
the Bureau of Plant Industry ¢ of the Department of Agriculture. 

A number of other diseases, including “‘crown rot” and ‘damping 
off,” have been studied, but they are confined to small particular areas 
and have not wrought the damage that follows the three especially 
mentioned. 

Many species of insects use beets as food. Not more than about 
50 species, however, are classed as noticeably destructive to the crop. 
Many of these have received extended notice.in publications of the 
Bureau of Entomology? of the Department of Agriculture. From 
these reports the farmer can learn what has been done along this line 
and obtain suggestions as to the means of fighting the pests. 

The beet growers should send specimens of insects injurious to 
their crops direct to the Bureau of Entomology for specific identifi- 
cation and advice as to remedies. 


THE MANUFACTURE OF SUGAR. 
THE FACTORY PROCESS. 


The process of making sugar from the sugar beet is only of sec- 
ondary interest to the farmer, and will be treated as briefly as possible, 
giving merely an intelligent general idea of the methods followed. 
The beets are stored in bins which narrow down to a flume 
covered by small boards. By removing the boards, one at a time, 
the beets are fed into the flume, where a swift running stream of 
water carries them to a wheel or screw that lifts them to a washing 
tank. This is provided with an apparatus for keeping the beets in 
motion and transferring them toward the end from which the fresh 
water enters. In this process the whole of the adhering soil, together 
with any sand and pebbles, is completely removed. By a suitable 
elevator the beets are next taken to a point above the diffusion bat- 
tery, where they pass into automatic scales, which dump them when 
a certain weight has been received. From this they are dropped 
into a slicing apparatus, by which they are cut into thin pieces, called 
“cossettes,” of gféater or less length, and of such a shape that when 
placed in the cells of the battery they will not lie so closely together 
as to prevent the circulation of the diffusion liquors. When the cell 
is full of the sliced beets it is closed and the hot juices from the cell 
last filled are admitted and allowed to remain in contact with the 
cuttings for a few minutes. From 10 to 12 cells are thus kept in use. 
While one is filling another is emptying. The fresh hot water is 


4U.S8. Dept. Agr., Bureau of Plant Industry, Bul. 122. 
bA Brief Account of the Principal Insect Enemies of the Sugar Beet, Bul. 43, Bur. 
of Ent., U. S. Dept. of Agr. Reference is also made to insects of this class in Buls. 
23, 29, 33, 54, and 66 of the same series. 
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always admitted to the cell next to be emptied and passes in succes- 
sion through all the cells under pressure, until it reaches the one last 
filled. From this cell a quantity of juice is drawn off each time and 
sent to the carbonatation tanks for purification. With the drawing 
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Fic. 15.—Diffusion battery. 
off of a certain quantity of the juice, one cell of exhausted beet pulp, 
the last one in the circuit,isdumped. Figure 15 illustrates in a general 
way the arrangement of a diffusion battery, but the circular type 
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there shown is no longer in use, the cells now being arranged in a 
straight line. 

The extracted cuttings are carried by conveyers to a press, where a 
portion of the water is removed, and they are then “scrolled” out to 
a silo in suitable condition for use as cattle food. The diffusion juice 
obtained as above described is conveyed to carbonatation tanks, 
where it is treated with from 2 to 3 per cent of its weight of lime in 
the form of a thick milk. The whole is heated and carbonic acid gas 
(obtained from the limekiln) is pumped into the mixture until a cer- 
tain alkalinity of the juice is obtained. By this process the impuri- 
ties in the diffusion juice are to a great extent thrown out and some 
of the extra lime precipitated 
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Fie. 16.—Multiple-effect evaporating apparatus. 


The slightly alkaline juice is next passed through filter presses, by 
which the precipitated lime and other solid matters are removed. 
The juice from these filters then passes to a second set of carbonata- 
tion tanks, in which they undergo a treatment similar to that just men- 
tioned, but the quantity of lime added is small as compared with that 
of the first carbonatation. The refiltered juices from the second car- 
bonatation, usually termed the ‘‘saturation,” are then sent to tanks, 
through which the fumes of burning sulphur or sulphur dioxid are 
passed. This treatment removes more lime and impurities besides 
lightening the color of the juice. From these tanks the juice goes to 
another set of filters, generally composed of bags, and from there to 


storage tanks for the multiple-effect evaporators. 
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The multiple-effect evaporating apparatus (fig. 16) consists of a 
series of pans connected in such a manner as to secure a progressively 
higher vacuum. The thin juices enter the first pan, where they 
may be evaporated, either under slight pressure or in a vacuum. The 
steam with which this evaporation is effected is usually the waste 
coming from the engines and pumps of the factory. 

The vapors generated in the first pan enter the heating pipes of the 
second one, and are thus utilized in evaporating the somewhat concen- 
trated sirup which is drawn off from the first pan into the second one, 
where the vacuum is higher, being represented by a column of mercury 
of from 12 to 15 inches in height. The vapors which are produced in 
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Fig. 17.—Vacuum strike pan. 


the second pan are in like manner conveyed to the heating pipes of. a 
third apparatus, where the still more concentrated sirups from the 
second pan are conducted and evaporated at the highest vacuum 
obtainable in such apparatus, usually from 26 to 28 inches of mercury. 
Usually a fourth pan is employed, but the arrangement is fully 
illustrated by the above example. It is easy to see by the arrange- 
ment above noted that the evaporation of the thin diffusion juices to 
a heavy sirup is accomplished with the greatest economy, direct steam 
being admitted only into the first pan, and the rest of the operation 
being accomplished by the steam generated in the evaporation of the 
liquors, The thickened juice from the last effect of the multiple 
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evaporator is sent to tanks where it is again treated with lime, 
phosphoric acid, and soda to remove impurities, and also with sulphur 
dioxid to lighten the color. From here it passes to bag filters and then 
into storage tanks. This juice is converted into sugar in the following 
manner: 

A portion of the sirup is placed in an evaporating apparatus called 
the strike pan. This apparatus is very large, usually a cylindrical 
vessel with a conical bottom, and is provided with a series of coils, one 
above the other, to which the steam can be admitted at will. The 
admission of steam is always so regulated that it is not allowed to 
enter any of the coils above the surface of the liquid in the pan. The 
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Fia@. 18.—Centrifugal apparatus: a holder for massecuite; b centrifugal basket with fine wire lining 
¢ molasses trough. 


portion of sirup first introduced is evaporated until it reaches a point of 
consistency which will permit of the formation of crystals, i. e., super- — 
saturation. In this condition, if a portion of fresh sirup be introduced 
the whole mass in the pan becomes charged with exceedingly fine 
crystals of sugar. 

By careful manipulation and the introduction of new quantities of 
sirup from time to time these crystals are made to grow. As the pan 
becomes full successive coils of the steam pipes are brought into use, so 
that the boiling surface of the pan is gradually increased in propor- 
tion to the volume of its contents. In the course of a few hours the 


skilled sugar boiler will find that the pan is full and that the crystals 
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have grown to the proper size. The charge in the vacuum pan at 
this stage is extremely heavy, consisting of a dense mass of sugar 
crystals mixed with a quantity of molasses which varies in amount 
with the purity of the juices from which the sugar is made. This 
product is termed massecuite. The illustration (fig. 17) shows the 
vacuum pan. In boiling sugar ina vacuum pan, if the highest pos- 
sible yield is desired and no objection arises to the formation of soft 
crystals, a very high vacuum, equivalent to 29 inches of mercury at 
the sea level, is employed. At this vacuum the sirups boil at a tem- 
perature of from 112° to 120° F. If harder crystals, giving a some- 
what less yield are desired, as in the case of making granulated 
sugars, a lower vacuum, namely, from 24 to 26 inches, is employed. 

The massecuite is then dropped directly to the mixer, where it is 
stored for charging the centrifugals below it. 

The construction of the centrifugal apparatus and mixer is shown in 
figure 18.. The centrifugal basket is suspended and run by the spindle. 
The whole basket is incased in an armor-plate jacket and is lined with 
fine wire gauze. The charge of massecuite is let down into the basket,. 
which is revolved by means of the belt at a speed of about 1,200 revo- 
lutions per minute. At this speed the molasses is separated from the 
sugar crystals, being thrown out through the holes of the screen onto 
the outer jacket, where it collects and finally runs through the trough, 
provided for the purpose, to the storage tank. The color of the charge 
is now changed from brown to light yellow. By a sprinkling can or a 
small spray of water the rest of the molasses in the fast running centrif- 
ugal is washed off of the crystals. 

From the centrifugals the sugar passes by belts and conveyers to 
bins for storage. From these it is carefully and slowly fed into a 
heated revolving drum where the sugar is dried and the masses of 
individual crystals are brokenup. Thisis termed granulation. From 
this point the sugar passes to weighing machines where it is barreled 
or sacked for commerce. 

The resulting molasses is still rich in sugar and is brought back to 
the vacuum pan where it is boiled to a massecuite which is placed in 
_large double-jacketed tanks having a revolving worm. The double 
jacket is filled with heated water and the massecuite is allowed to stay 
in the tank for a number of days, being mixed by the revolving arm. 
The temperature is allowed to fall slowly and by this means more 
crystals of sugar are formed. When no more of the sugar will crys- 
tallize, the tank or “‘crystallizer” is emptied into another set of cen- 
trifugals and the sugar is spun off. This crop is generally very dark 


in color and washing does not lighten it to a white sugar. It is known 
52 














37 


as second sugar and is melted in water and boiled up with the juice 
from the evaporator in the vacuum pan to make white sugar. In its 
raw state it is not the same as the yellow sugar of commerce, being 
generally salty and disagreeable in taste. The resultant molasses is 
sometimes boiled for a third crop of sugar, but generally it is sent to 
storage or is used in the osmose or Steffens process for removing more 
sugar from the molasses. 

In the osmose process a stream of heated, diluted molasses is run ina 
suitable press in the opposite direction to a stream of hot water, a 
sheet of parchment paper separating the twostreams. By this means 
a greater portion of the salts passes through the membrane and enters 
the water which flows away. The sirup is made richer, and by boiling 
in the evaporator and in the pan a massecuite is formed that is stored 
in crystallizers, and finally the sugar is spun off. The remaining mo- 
lasses is sometimes reosmosed, but generally it is sold to be mixed 
with pulp or grain for cattle food or is used for alcohol making. 

In the Steffens process the molasses is diluted and cooled to a low 
temperature, which is kept constant while finely powdered fresh lime is 
added slowly. In this way a saccharate of lime is formed which is 
insoluble in the liquid, and by passing the whole material through 
filter presses it is separated. The cake from the presses is diluted 
with water and takes the place of the milk of lime used in the carbona- 
tion. When this process is employed there is no residue molasses; the 
only waste is the strongly alkaline water containing the salts of the 
molasses which have been separated from the saccharate of lime. This - 
water is rich in potash salts and could be used as a fertilizer. 

The beet-sugar factories of this country sell only the white granu- 
lated sugar; none of them produce raw sugar and turn it over to the 
refineries to be passed over bone black and made into white sugar, as 
is the custom in Europe. 


COST OF MANUFACTURE. 


The cost of manufacture depends on as many factors as that of beet 
growing. Chief among these are transportation, fuel, weather, and 
labor. Perhaps the most important of these factors is the price of 
fuel. In some localities coal can be had for $1.25 per ton; in others 
the cost may reach as high as $10 per ton. 

The manufacture of beet sugar is conducted without governmental 
supervision in this country, and any exact account of its cost is inac- 
cessible. To show what it may be, when a wide experience and the 
best management are brought to bear upon the work, the mean cost 
of manufacture in 113 German factories is given. 
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Mean capital invested in each factory.......-..........-..0.20--00- *... $193, 400. 00 









Total receipts for sugar, molasses, and pulp per ton of beets............ 11.10 
Mean cost of beets per ton of 2,204.62 pounds..................... $4. 90 
NRE IEE OT DONS 5a fois sio's wa sin cle! baid win ogg winless aba Sa.e-ne 26 
Labor per ton of beets.......................- Me Nae ierg ois Bare oe 73 
Interest on investment per ton of beets......................2.. . 36 
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Miscellaneous expenses per ton of beets..................-..--4-- 







Total expense of manufacture per ton......................22-22- 
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The mean net profit for each factory was $34,240. The price paid 
for beets, however, is in most cases fictitious, the beet growers owning | 
the factory and preferring to share in the general profits rather than to 
charge a high price for the beets. First-class beets rarely sell for less 
than $5 per ton. The Western Beet Sugar Company, of Watsonville, 
Cal., stated that in its first campaign, 1888-89, the cost of manufac- 
ture-amounted to $80.80 per ton of sugar. At the present time it 
appears that with the best machinery, rich beets, and most economical 
processes beet sugar can be made in this country at a cost of less than 
4 cents per pound, even when the price of rich beets exceeds $5 a ton. 


COST AND CAPACITY OF FACTORIES. 


The cost of building a first-class beet-sugar factory is much greater 
than is commonly supposed. Roughly speaking, for every ton of 
daily capacity, the plant costs $1,000; that is, a 500-ton plant would 
cost $500,000 and a 1,000-ton factory would cost $1,000,000. It has 
been demonstrated in the United States that a beet-sugar mill, in 
order to work economically, must have a capacity to work 500 tons of 
beets daily, and that one having a capacity of much more than 1,200 
or 1,500 tons a day is unwieldy. The largest factory in the United 
States can handle 3,000 tons a day. In Germany there are a few 
small factories of 200 and 300 tors capacity, but the tendency of late 
has been to increase the size. In the early days of the beet-sugar 
industry in this country, Europe was called on to furnish all machin- 
ery. Now, very little is imported, and, in fact, some of the foreign 
factories are using American-made machinery. 


COOPERATIVE FACTORIES. 


It is seen from the foregoing paragraph that the farmer can have no © 
reasonable hope of successfully establishing a home beet-sugar factory. 
It is not just, however, that he should be deprived of any cooperation 
in the process of manufacture or a reasonable share of the profits aris- 
ing therefrom. The methods which have been practiced in Europe 
for securing these results may eventually come into use in this coun- 


try. The cooperative sugar factory, in which the farmers growing the 
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beets hold a part or a majority of the stock, realizes the desired end. 
The growers of beets holding shares in the factory have a greater inter- 
est in its prosperity and try to grow better crops and to secure in every 
way a higher yield. The cooperative factory renders impossible those 
disagreements between factory and agriculture which do so much to 
retard the progress of the industry and to embitter the farmers against 
the factory. To show the extent of the participation of shareholders 
in factories in the growing of beets in Germany, it may be stated that 
of the 11,672,816 metric tons of beets delivered to the German facto- 
ries in 1895-96, 2,689,004 tons were grown by shareholders. As long 
as the proprietors of the factory and the farmers growing the beets 
are satisfied with the contracts which they make, there is no urgent 
necessity for the establishment of cooperative enterprises. When the 
number of beet-sugar factories in this country, however, begins to 
reach the hundreds, favorable opportunities for cooperative establish- 
ments will be presented. 


USES OF BY-PRODUCTS. 


The by-products from beet culture on the farm are the tops and 
leaves, which are commonly used for feeding cattle. Some farmers, 
however, turn them under as a fertilizer. When used as a feed, the 
beet tops can be eaten by the cattle on the field where they have been 
grown. If they are-fed in stalls, the manure should be returned to 
the field. 

The by-products of the factory consist of pulp, lime cake, and mo- 
lasses. The pulp isa valuable cattle food and the farmer should con- 
tract with the sugar company to obtain his share of it. It can be 
stored in siloes, if well drained, and be fed fresh or in a fermented 
condition. The value of the pulp for feeding purposes is variously 
estimated at from one-fifth to one-third the value of the beets. Its 
sugar content is not sufficient to make it of any value as a source for 
alcohol manufacture. Lime cake in most factories is washed out 
with water to the sewer. In others it is wheeled out and dumped in 
piles and can be used on some lands as a fertilizer, though for this 
purpose the demand for it is limited. Lately it has been used in 
cement making. Molasses has a value as a cattle food, but it must 
not be fed very heavily or scouring of the cattle will result. The best 
practice is to sprinkle it on the hay, alfalfa, or roughage. Some fac- 
tories mix the molasses with the pulp and dry the whole, either press- 
ing it into bricks or selling it loose. With the increased installation 
of the Steffens process of desugarizing molasses, there is not so much 
molasses resulting from beet-sugar manufacture as was obtained a 
few years ago. In an economical plant all molasses should go through 
this process and only that produced at the end of the season be saved. 


It is a question whether the introduction of denatured alcohol into the 
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arts, as well as for fuel and light, will not tend to reduce the number of 
Steffens plants and result in the sale of the molasses for distillation. 
Beet molasses contains about 50 per cent of sugars capable of fer- 
mentation. One gallon weighing about 12 pounds contains approxi- 
mately 6 pounds of sugar, which will produce about 3 pints of 95 per 
cent alcohol. In other words, for every 2} gallons of molasses 1 
gallon of alcohol can be made. 


STATISTICS OF PRODUCTION AND CONSUMPTION OF SUGAR. 





In the data giving the production and consumption of sugar the 
unit of value commonly employed is the ton. By reason of the fact 
that the ton in this country expresses a unit of varying magnitude a 
considerable degree of confusion is often introduced into statistical 
tables. In the following tables the kind of ton used is specified in each 
case. The long ton, which is often used in compiling sugar statistics, 
contains 2,240 pounds. The short ton, namely, 2,000 pounds; is a 
more convenient unit of expression, and is largely used in the publica- 
tion of sugar statistical data in this country. The metric ton, which 
is used on the continent of Europe, is a weight of 1,000 kilograms, 
equivalent to 2,204.62 pounds. 


BEET-SUGAR PLANTS IN THE UNITED STATES.2 


The following table gives a complete list of beet-sugar plants in the 
United States, arranged by States, showing the official names of the 
manufacturing companies and the locations of the factories. It also 
shows the daily slicing capacity, expressed in tons of beets, for each 
factory, the combined daily slicing capacity of the factories in each 
State, and the aggregate capacity of all the factories in the United 
States. 


Beet-sugar companies and factories cf the United States. 





| Number | naity slicing 














Manufacturing companies. | Factory locations. | of bg capacity. 

California: Tons of beets. 

NEES a0'do bicecys case pebepencknon BIVGTANG sc vosuevacheeass caces 800 

iN MIRE WORT CO oon. obi iin cence ccsscntaecess EDD RARMIIOE. ooo nccecisdcnotanes 700 

IE EERE oe swaiiies gedncicvvdcssasedévasenes ROONIRES s occ aabns nacisaneeyens? 3,000 

MURR SMG unknciduimaesdosgisvenerincpane does DORIA tie vs cccd aces cfsuyasguven 600 

American Beet Sugar Co., main office, 32 Nassau Chino 900 

street, New York; Pacific coast office, 604 Mis- Oxnard Trigg cera en Dak swat: 2,000 

sion street, San Francisco. ee ye ev Saat , 

Pacific Sugar Corporation, Los Angeles, Cal......- Viselia,.....--.--++---|--0-2e0+s 400 

Pacific Sugar Construction Co........-.-.....----- PNPOUIOR CY... 0 cece cecans 700 

TOM. ise c cece ccececescncscescctcesenssocetens [rwsdébacnavduetsnsv eset 8 9, 100 
Colorado: | 
| 

American Beet Sugar Co., 1530 Sixteenth street, |[ROCkY Ford..........)---------- 1, ae 


Denver, Colo. 


BION Y BUMBT CO 6 oo ci ccccecccisccdccstccbcessesccped H 
Holly Construction Co... .....-ccccccesescocccocs 
National Sugar Manufacturing Co...........-....+ 


a From Progress of the Beet-Sugar Industry in the United States, 1907. Report 86, U.S. Dept. of Agr. 
52 















41 





Beet-sugar companies and factories of the United States—Continued. 




































Number F 
: . Daily slicing 
Manufacturing companies. Factory locations. | of — capacity. 
ec | | : 
oar oN ees 
Tons of beets. 
Colorado—Continued. Mate ge eh Pre of 600 
||Greeley....... wucilndd Sec a clance 600 
New Wind RENAE Ee, eS 1,200 
The Great Western Sugar Co., general offices, yas eNO Tase='* oss [-seerreeee 600 
“ a . onc anes | SEP ES 1,200 
Sugar Building, Denver, Colo. Mot Galt. oe 1/200 
MOEN cc aeasnchseeloccce aseeet 600 
| ae 600 
600 
600 
12,5 
1,200 
1,200 
600 
750 
3, 750 
Illinois: 
ie: Ree EO, COMM, TE 85s sins Kvncaresdseteundoed Riverdalé........-.-.. 1 350 
Iowa: | 
TINT IRD SOON 5 os ois vache cscs canes codes ceetecens WOOF osc ececeses I 500 
Kansas: 
United States Sugar and Land Co....... peetiac ee Garden City.......... | 1 850 
Michigan: et tite SS ss a €00 
pond Re daunecavaeeeen - = 1,200 
‘. - Q PR iceesicetcancasstnee 700 
Michigan Sugar Co., general offices, Saginaw, Mich. Carniiton . a 850 
Sebewaing............ foes 600 
ORION seas icce us eS 600 
Oe Tae CIGy BUA? Coes so. 5 iis ccs ecavenccsases Bay City, West Side..|_. 600 
EE Og icine c sans scececusavecdenbuenaved ee. vadgensevetos 300 
: 7 , istcddvadeersnns es 1,250 
Owosso Sugar Co., main office, Bay City, Mich.... cen pk ae a 600 
German-American Sugar Co.....:............--+-- Bay City, Station A..|.......... 650 
IOS NE CO a orn 5 soins ccnccwcndavacencech Mt. Clemens.......... en ounaeceet 600 
Menominee River Sugar Co..................----.- Menominee. .........- Bs gnaeeaee 1,200 
St. Louis Sugar Co..... Davetakeaens ey skews satew a oh gp SS Si acietinte see 600 
= Continental Sugar Co., main office, Cleveland, | Blissfield.............).........- 600 
hio. 
West Michigan Sugar Co...............--.0-2---+-- CRONE osc nese bcos. ed 600 
WN otek ees s ceacncr nda <dsdeac conswapin sees desta wis oud saaeee ane 16 11,550 
Minnesota: : nee 
Carver County Sugar Co... <6.626 0.0. cccrescscecees CORGUN c= is ceaasceens 1 600 
Montana: 
The Great Western Sugar Co...................... je eee 1 1,200 
Nebraska: 
American Beet Sugar Co... .........-...----0-2e0-- Grand Island......... 1 350 
New York: 
‘ais Lyons Beet Sugar Refining Co..................... RIUM anccn acest 1 600 
0: 
Gantietal Garar Co. 2... oc. onic cicesesecccwa TIMMONS ks cies 1 400 
Oregon: | 
Amalgamated Sugar Co..............-.-.2+----0+- | La Grande............ 1 400 
Utah: 
Amalgamated Sugar Co., office, Ogden, Utah......|{LORaM.«.-.---0.+--0--J-sseeeeen 400 
RE DUMRR COS 6 i oc acacdewdvdscacee etxesesnsd LMWIGOU oie cca ce sae biegidtsouk 600 
Utah-Idaho Sugar Co., main office, Salt Lake City, tee Winona dats dedeblicctanncos 1,200 
Utah. BRON sid beh icnxPoncecencen 1,200 
delice deeds vocsst dectacsgnGudsdle eps teuivdavesher<usntambareson’ | 5 4,000 
Washington: ERTS 
Washington State Sugar Co., mainoffice, Spokane, | Waverly.............. 1 500 
Wash. 
Wisconsin: 
Wisconsin Sugar Co., main office, Milwaukee, Wis.| Menomonee Falls.....).......... 500 
Chippewa Sugar Co., main office, Milwaukee Wis .| Chippewa Falls.......).......... 600 
TGOE COONEY Bummer CG oa. c css ccecewcsccsesetes SREINTUs c cvescadcadcnsasian 600 
United States Sugar Co. .....5..2.0c ccc ceseccenee MAGINOR sos 68 s8 i cslincuspeska 600 
Bry gaits gah ud asa cc as Vea saweu nv bun ccmdd Ie paL eee pmo eeen tna ease 300 
Fe a eya oe GG Keck ee deo Nand ate eins Tad RUE add eee AROS 950 





@ Slicing stations at Springville, Spanish Fork, and Provo. 
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BEET-SUGAR PRODUCTION IN THE UNITED STATES, 1830-1907. 


The following table shows the production of beet sugar in the 
United States from the beginning of the industry to the close of the 
season of 1907. The data for 1897 and for 1901-1907 are from reports 
published by the United States Department of Agriculture on Prog- 
ress of the Beet-Sugar Industry in the United States. Figures for 
other years are from Willett & Gray. (See Yearbook, U. S. Depart- 
ment of Agriculture, 1907, pp. 687, 688.) 


Beet sugar produced in the United States, 1880-1907 .4 


A few hundred pounds 
1,300 pounds 


. 300 to 500 tons per annum 


. Under 100 tons per annum 
200 tons 


MR Ae tatrdis area oe ... 214, 825 tons 
216, 173 tons 
279, 393 tons 
431, 796 tons 
413, 954 tons 


PRODUCTION OF SUGAR BEETS AND OF BEET SUGAR IN THE 
UNITED STATES, 1901-1907. 


The following statements are taken from Report No. 86, Progress 
of the Beet-Sugar Industry in the United States in 1907: 

The acreage planted to sugar beets in the United States in 1907, 
together with the percentage abandoned owing to unfavorable weather 
conditions, mistakes of growers, or other causes, is shown in the fol- 


lowing table: 


Acreage planted to beets in 1907. 


| Adan at See 
Planted. doned. State. 


Acres. | Perct. | 
10. +e 


a me long a of 2,240 veceeide. 
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Comparison with the acreage harvested shows that about 30,000 
acres, or 74 per cent, of the acreage planted was abandoned. Con- 
parison with the figures for the preceding year shows that the acreage 
planted exceeds that for 1906 by 3,338 acres, while the acreage 
harvested is about 5,000 less, the acreage abandoned in 1906 being 
only 5.2 per cent. The increased loss of acreage was due mainly to 
unfavorable spring weather, particularly in Wisconsin, Nebraska, 
Idaho, and California. 


General factory and farm results. 


BY STATES, FOR 1907. 


| 


in | 


| 
| 





| Sugar manufac- 
| tured. 


~ | Estimated average | 


| 


} 
1 


Fac- 
tories; Area | 
in har- of . 
oper- | vested. ” | Domaie 


beets. 
campaign. 


extraction of| 


suger, 
Average length of 


Average purity co- 
efficient of beets. 


Average sugar 


ae eka 
REESE S 
RELSSR 
eoonaour 


States having but 
a single factory: > 
Illinois | 


Kansas......... | 
Minnesota 
Montana..... pe 10| 41,147 


ef 
Washington. ... 





Totals and av- | | 
erages.¢...... j 63 | 370,984 | 10.16 | 3,767,871 |927, 256,430 | 463,628 12.30 | 15.8 
au 





TOTALS AND AVERAGES, BY YEARS, 1901-1906.¢ 


| Acres. |Tons.a| Tons.a Pounds. | Tons. | P. ct. |p. ct. 
63 376,074 | 11.26 483,612 | 11.42 | 14.9 
52 | 307,364 | 8.67 55 ‘ 312,921 | 11.74 | 15.3 
48 | 197,784 | 10.47 | 2, 226 242,113 | 11.69 | 15.3 
49 | 242,576 | 8.56 j 240, 604 | 11.59 |¢15.1 
46 |9216,400 | 8.76 218, 406 | 11.52 |¢14.6 
36 | 175,083 | 9.63 


Averages 
1901-1906 | 252, 547 | b 2, 438, 593 |560, 754, 027 


@ Tons of 2,000 pounds each. 

+ Grouped together to avoid giving publicity to the data of individual factories. 

e The average yield of beets per acre is found by dividing the total beets worked by the total acreage 
harvested; the average extraction by dividing total sugar produced by total beets worked; the average 
contents of sugar, coefficients of purity, and length of campaigns by adding the figures reported by the 
different factories and dividing by the number of factories reporting. 

@ Compiled from the annual reports on Progress of the Beet-Sugar Industry in the United States. 

¢ These averages are not b: on data for all the factories, as some of them failed to report results 
of tests, but it is believed that they fairly represent the average character of the total beet crops. 

t No data reported. 

9 Based on reports from 27 factories and careful estimates for 15 others. 
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CONSUMPTION OF SUGAR IN THE UNITED STATES. 


The following table shows the quantities of imported sugar (both 
cane and beet) consumed in this country during the past three 
years, the quantity of domestic cane, beet, and maple sugars, and 
the quantities of sugar made in this country from imported molasses. 
Of the total quantity consumed in 1907, nearly 80 per cent was 
imported either from foreign countries or the insular possessions of 
the United States, while less than 13 per cent was domestic beet 
sugar. The total annual consumption has nearly reached 3 million 
tons of 2,240 pounds. 


Consumption of sugar in the United States, 1905-1907. 


{According to Willett & Gray, January 9, 1908.] 


Kind and origin. 1907. 1906. 1905. 


| Tons,e Tons.a Tons.a 
Cane and beet sugar from foreign countries and insular possessions | 2,337,352 | 2,281,599 2, 056, 092 


264, 968 267, 947 334, 522 
375, 410 300, 317 220, 722 
10, 000 6,000 


Cane sugar, Louisiana and Texas........ 
Beet sugar, United States .. = ae 
ER ee doe one a snus boss omc eoe or iuakmaemaet er els 











Molasses sugar, made in United States from foreign molasses . 6,249 8, 150 11,880 
PT I INN 50 os Zacase cubs og u cos eaclecee eWtkescege 656, 627 582, 414 576, 124 
Total consumption of all sugars................-...2--2..-.- 2,993,979 | 2,864,013 2,632, 216 





@ Tons of 2,240 pounds. 

The total annual consumption of sugar in the United States, the 
percentage of increase or decrease year after year, and the per capita 
consumption for the years 1884-1907 are shown in the table which 
follows. The total consumption has increased nearly 140 per cent, 
while the per capita consumption has increased over 52 per cent 
since 1884. 


Consumption of sugar in the United States for twenty-four years, 1884-1907. 


[According to Willett & Gray.) 








~— rer Con- | Total ioe Con- 
amoun (+) or sump- amount +) or sump- 
Year. |} sugarcon-| decrease | tion per Year. sugarcon-| decrease | tion per 
| sumed. (—).¢ capita. sumed. (—).¢ capita. 
cial tae qj) —  tieciatelipiiaiateaiihaas ioe: euthpateciial dundee 
a Per cent. | Pounds Per _ 7, 
1, 252, + 7.01 51.00 —0.4 le 
1,254, 116 + 0.14 49.95 +6.75 63.50 
» 355, 809 + 8.11 62.55 —3.29 60. 30 
, 392, 909 + 2.74 63.11 +3.75 61.00 
1, 457, 264 + 4.62 54.23 +6. 83 66.60 
1, 439, 701 — 1.21 52.64 +6.87 69.70 
1, 522, 731 + 5.77 54.56 +8.17 72.80 
, 872, +22. 96 67.46 —0.64 70.90 
1,853, 370 — 1.02 63.76 +8.53 75. 30 
, 905, + 2.83 63.83 —4.88 70. 50 
2,012,714 + 5.55 66.64 +8.81 76.10 
1,949, 744 — 3.13 64.23 +4.54 77.54 





} 
{ 











« As compared with the preceding year. 6 Tons of 2,240 pounds. 
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Although in recent years’the beet-sugar industry has made great 
strides in the United States, and there has been some growth of the 
cane-sugar industry, the increase in production has not by any 
means kept pace with the increase in consumption. In fact, much 
more foreign sugar is consumed now than was the case ten years ago. 
In 1897 our total consumption of sugar was 2,070,978 long tons; in 
1907 it was 2,993,979 tons, an increase in ten years of 923,000 tons. 
During the same period the increase in domestic production has been 
only about 350,000 tons. 


SUGAR IMPORTED FOR CONSUMPTION. 


The next table shows the character of the sugar imported for 
consumption, and its origin. Nearly 85 per cent of the sugar im- 
ported comes from Hawaii, Porto Rico, the Philippines, and Cuba 
under tariff concessions, while only about 15 per cent comes from 
other countries and pays full duty. The imports from both Porto 
Rico and Cuba are steadily increasing, Cuba alone furnishing about 
58 per cent of the foreign sugar consumed in the United States in 
1907, and about 45 per cent of the total sugar consumed. It will 
be noticed that nearly all the imported sugar consumed in the United 
States is made from cane; in 1906 less than 8 per cent was from 
beets, and in 1907 less than 1 per cent. In fact, if the sugar made 
in the United States be included, it appears that only about 13 per 
cent of the sugar consumed in this country in 1907 was made from 


beets. 
Consumption of imported sugar, 1905-1907. 


According to Willett & Gray. 


Kind and origin. ‘ } 1905. 


Imports on which tariff concession is allowed: ¢ Tons.» 
From Hawaii, cane sugar 376, 497 
From Porto Rico, cane sugar 124, 928 
From Philippines, cane sugar 7 900 14, 673 
From Cuba, cane sugar % 1,101, 611 


1,982,055 | 1,745,729 1,617, 709 


Imports on which full duty is assessed:¢ 
Foreign sugar— _- | 
Raw cane 347, 509 | 357,057 412, 560 

6, 780 | 175, 827 22,161 
949; _ 2,734 1,844 
59 | 252 1,818 





355, 297 | _ 535, 870 | 438, 383 


@ Sugar frcm Hawaii and Porto Rico is admitted free of duty; that from the Philippines at 25 per 
cent below the regular rate, and that from Cuba, under the reciprocity treaty, at 20 per cent less than 
the regular rate. 

> Tons of 2,240 pounds. 

¢ The regular rates of duty on raw sugar vary from 95 cents to $1.754 per hundred pounds, depending 
on the character of the product; the regular rate on refined sugar is $1.95 per hundred pounds. 
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THE WORLD’S SUGAR CROP. 







The following table was prepared in the Bureau of Statistics, U. S. 
Department of Agriculture, and published in Progress of the Beet- 
Sugar Industry in the United States in 1907. 







Sugar production of the world, 1903-1907 .4 





rs l 
Country. 1903-4. | 1904-5. | 1905-6. | 1906-7. | 1907-8. 












CANE SUGAR. | | 







Louisiana and Texas................. 248,277 350, 000 
328, 103 


United States: Tons. Tons. Tons. Tons. | Tons. 


Total United States>...... stheeeaee 706, 380 875, 576 






ERG URS Re Oe PC OEE Re EEA COT EY 1,040,228 | 1,163,258 
Other West Indies.......................- 268, 306 244, 837 





PRS ike Sites Cauieanieeswaccneacebacd 107, 547 107,038 
SE RUNES 0,0 onncackcacccecegnb anes 21,450 19, 768 


















Ma TAMRIOR.- 52. : ces ccacsanceoces 601,134 | 690,382 
Wate Aetna. oo. 2o668.ks ce 2,745,045 | 3,000,859 


Re OE nn acanse sed sts inde nkbapeane 2,876, 671 | 3, 333, 672 
PR aaik Jp caches rene’ pis iwinemgen odo sae | 355,747 251,340 
SPORIIIG « . . . -sccescccncesewces scosseuessces | 163,328 216, 213 

















SEE din ss octb.0d snines occ ox s¢cdonceseerers | 28,000 | 18, 592 
Total cane-sugar production. ...... | 6,168,791 | 6,820,676. 
BEET SUGAR. | | 
PRUNE. 1. duGhs bee cute owaeee | 214, 825 
is peviecdaGas sss ead sscknienas kenane 6,710 
Wate Baath es. 58.2565 5 Fen es 221, 535 
Europe: 
NT it st ak oh ol ba ueins vapads see 1,927, 681 
Austria-Hungary ............--....- 1, 167,959 
ME athkbarcveceecsabhes canconcnaved 804, 308 
PG cwcntcavetscessensuscccoss spuat 1, 206, 907 
MRS daa awecnnyctuc cs sesneeee ! 209, 811 
Nn a Saidcaneevaup sade vee 128, 551 
ERO COUCHES. 06.0.5. cence ccc coccees 441,116 
IO cn i cSocasyesdas serene §, 881, 333 
Total beet-sugar production. ....... 6, 102, 868 
Total cane and beet sugar produc- 
CR Wratcatacresd cue sncst Lakescee 12, 271, 659 | 11,753,583 | 13,959, 542 
@ In long tons, of 2,240 pounds, except in the case of European bee r production, which has 
been retained in metric tons of 2,204.622 pounds, as originally estimated by Licht; United States beet- 


sugar data were obtained from reports of Department of Agriculture on the Progress of the Beet- 
S— a a eee, in the United States; other data from official statistics of various countries, and from 
ray. 
+ Not iniiotiee the Philippine Islands, which are included under Asia. 
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THE BEET-SUGAR INDUSTRY OF EUROPE. 


The foregoing table shows the enormous proportions to which the 
beet-sugar industry has developed throughout central Europe and 
especially in Germany, Austria, and Russia. The following table 
contains additional data showing the magnitude of the industry: 


Number of factories, yield of beets per acre, and yield of sugar in the principal beet-sugar 
countries of Europe.@ 

Austria- : 

ungary. 


Items. Germany. H ry France. | Russia. Belgium. | Holland. 








Acres grown in beets. . paps 844,987 | os ines 5" 148,941 | 108,872 | 72,927 | 38,038 
. . . 7. 


Average tons peracre >. 91 10. 59 12,39 11.01 | 13.82 12. 49 
Number of factories. .. 369 206 277 280 83 28 19 7 
Average tons worked 
at factory ........... 38, 390 43, 433 19, 695 36, 918 22, 240 42,809 | 53,019 | 67,879 
Percentage of extrac- 
tion of sugar........ 15.52 14.91 13. 42 14.03 15. 25 14.71 15. 64 13. 98 
a¥. Sachs in La Sucrerie Belge, August, 1907. + Tons of 2,204 pounds. 


CONSUMPTION OF SUGAR IN EUROPE. 


Mr. F. O. Licht, a high authority on European beet-sugar statistics, 
in a report dated February 21, 1908, estimates the per capita con- 
sumption of sugar in European countries as follows: 


European per capita consumption of sugar for the year 1906-7. 





Pounds. Pounds. 
GNA 5. is. econ da actus oseenee 40.92 | Portugal and Madeira............ 15. 51 
PAO Scots 2 i eive He ca nueee se 2h, OS: Wane. oi 2s is ca. eno eeandees 93. 50 
MMBRS se ciies scene gocrencdtcase 06; Gifs iene si. 6 53 (4. ice < salsa 7.98 
MNS Sou Sink es se OSes bee De Git: GaeetGes oo. 03k seb... ecu cee 10. 16 
MAE SS aoc cs sa oars BE AE ORES asin. Sank bas leben ed 6. 92 
BORN rad soe. Son om Swsinige wow B70 PURO F das oy soko eae 11, 73 
MEROENS Secon) 5 oss wala daw ea renee 73, 6B: Switsetiand.. :-. 5.6... os eee ee 55. 22 
 gheccaadinmmmimae | To eae Ses. 0 
MR 8 rs ga 7.83 United Giatees. 23 32.55 ose es 77.54 
PORE as yaa ey Lewes so ots aahenoes 11. 37 


The foregoing table shows that the United States consumes more 
sugar per capita than any other nation except England, the consump- 
tion in this country being about two and a half times as much as for 


Europeans in general. 
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U. S. DEPARTMENT OF AGRICULTURE, 
BUREAU OF CHEMISTRY, 
Washington, D. C., June 30, 1910. 


Str: I have the honor to transmit for your approval the fourth revision of Farmers’ 
Bulletin No. 52, on the sugar beet, prepared by Mr. A. H. Bryan, chief of the sugar 
laboratory, who has had practical experience in the beet-sugar industry. This bulle- 
tin was last revised in 1908, having been originally issued in 1897 and first revised 
in 1899. Extensive changes were made in 1908 in order that the most recent prac- 
tices in sugar-beet culture might be given; references to the work of the Bureaus of 
Entomology and Plant Industry bearing on diseases of the sugar beet, pests attacking 
it, and the development of the single-germ seed were also inserted. In this revision 
no changes have been made in the text other than to bring the statistics up to date. 


Respectfully, 
H. W. Wuey, Chief. 


Hon. JaMEs WILson, 
Secretary of Agriculture. 
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THE SUGAR BEET. 


INTRODUCTION. 


The successful growing of sugar beets is an art that one acquires 
by practice. The farmer who has made a success of raising other 
crops will quite often fail at first in this one, as the methods of cul- 
tivating ordinary crops do not apply in the case of sugar beets. Cer- 
tain directions for the preparation of the soil, the planting, thinning, 
and harvesting must be followed in beet culture. Although it is 
possible to raise sugar beets with little regard to these directions, 
such a crop will usually fail to pay for itself either because the yield 
is too small or the sugar content of the beets too low to meet factory 
requirements. In‘commercial beet growing, therefore, carelessness 
leads quickly to failure, while careful regard for details spells success. 
Success comes at first from following the advice of successful growers, 
and later it may be augmented by practical experience. Certain 
economies can be practiced, but they should never consist in planting 
a smaller quantity of seed than is prescribed, nor in locating the beet 
field on poor land. 

In the manufacture of sugar from the beet, the farmer plays an 
important part by supplying beets in an adequate quantity and of a 
high quality; but beyond that he can hardly hope to enter the field. 
The manufacture of beet sugar is an industry entirely distinct from 
agriculture, and can only be successfully accomplished by the invest- 
ment of large capital and the employment of skilled artisans. From 
the nature of the process it is quite improbable that any simple 
method of home manufacture of beet sugar will ever prove commer- 
cially successful. The juice of the beet is extracted with difficulty. 
It contains considerable quantities of mineral salts and organic sub- 
stances, which render the crude sugar and molasses therefrom unpala- 
table. - Simple processes for the extraction of the juice can at best 
remove only 60 to 70 per cent of the sugar which the beet contains, and 
thus a percentage of loss is incurred which at the very outset renders 
it impossible for a home apparatus to compete with a large factory. 
Beet sugar, for the reasons given above, can not be used in the raw 
state, as is the case with the products derived from the sugar cane, 
sorghum, and the maple tree. The refining of the sugar requires a 
heavy outlay for machinery and a high degree of supervisory skill. 
It can not, therefore, be accomplished upon the farm. 

“= (3) 
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The beet-sugar industry offers a great opportunity for the profita- 
ble extension and diversification of agricultural industries in this 
country. The sugar beet is proving a profitable crop for the farmers 
not only in old settled areas where it must compete with a large list 
of established crops, but in the newly developed regions of the West 
where its adaption to intensive farming makes it a favorite crop for 
culture under irrigation. Its influence in developing stock breeding, 
feeding, and dairy industries is attracting the favorable attention of 
farmers interested in these pursuits. The rapid extension of the 
industry during the past few years shows that its value is gaining 
recognition; and there appears to be no valid reason why this exten- 
sion should not continue until all the sugar consumed in the United 
States is made from crops grown by American farmers. 


TEMPERATURE CONDITIONS AFFECTING THE BEET-SUGAR 
INDUSTRY. 


Experience has shown that the sugar beet reaches its highest devel- 
opment in north temperate latitudes. So far as the production of 
beets with high tonnage is concerned, it is found that this can be 
accomplished far to the south, but beets grown there are, on the whole, 
less rich in sugar and less suitable for the manufacture of sugar than 
those grown farther north. It must be remembered, however, that 
the expressions north and south do not refer to any absolute parallels 
of latitude, but rather to isothermal lines, which in many cases vary 
widely from the parallels of latitude and in some cases cross them 
almost at right angles. , 

Theoretical beet-sugar belt.—As a result of many years of careful 
experimentation, it may be said that as far as temperature alone is 
concerned the sugar beet attains its greatest perfection in a zone of 
varying width through the center of which passes the isothermal line 
of 70° F. for the months of June, July, and August. This zone for 
this country is shown in the accompanying map (fig. 1). 

This isothermal line, for the United States, begins near the city of 
New York and passes up the Hudson River to Albany; thence turning 
westward, it runs near Syracuse and passes in a southwesterly direc- 
tion, touching the shore of Lake Erie near Sandusky, Ohio; turning 
thence in a northwesterly direction, it enters Michigan and reaches its 
highest point in that State near Lansing; then going in a southwest- 
erly direction, it enters the State of Indiana near South Bend, passes 
through Michigan City, then in a northwesterly course continues 
through the cities of Chicago and Madison, reaching its highest point 
near St. Paul, Minn.; thence it extends in a southwesterly direction 
until it enters the State of South Dakota, where it turns again north- 
west and reaches its highest point in Dakota just above the forty-fifth 
parallel of latitude, where it crosses the Missouri River. The iso- 
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Nebraska near the northeast corner of Colorado; passing in a south- 


westerly direction through Colorado, it reaches, at Pueblo, almost to 
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the one hundred and fifth degree of west longitude, whence it passes 
in a slightly southeasterly direction into New Mexico, turns to the 
west, and crosses the one hundred and fifth degree of longitude at 
about the thirty-second degree of latitude. Then turning westward, 
it passes in a very irregular line through the States of California, 
Oregon, and Washington. 

Extending a distance of 100 miles on each side of this isothermal 
line is a belt which may be regarded as the theoretical beet-sugar 
area of the United States. There are doubtless many localities 
lying outside of this belt, both north and south, in which the sugar 
beet will be found to thrive; but this will be due to some exceptional 
qualities of the climate or soil and not to any favorable influence of 
a higher or lower temperature. A study of the location of the sugar 
factories operating to-day will show that only five factories are outside 
of these lines. A mean temperature of 70° F. in the summer, how- 
ever, must not be regarded as the only element of temperature which 
is to be taken into consideration. In those localities where the 
winters come early and are of unusual severity will be found greater 
difficulties in the production of sugar from the sugar beet than in 
localities where the winters are light and mild, although the mean 
summer temperature of both localities may be represented by 70° F. 


MOISTURE CONDITIONS AFFECTING THE BEET-SUGAR INDUSTRY. 


Although conditions of temperature must be taken into considera- 
tion in selecting sites for beet-sugar factories, those of rainfall must 
also be studied. The sugar beet requires a certain amount of moisture 
in order to produce its normal crop. This moisture must be derived 
either from precipitation in the usual way or from irrigation; or else 
the soil must be of that particular quality which will allow subter- 
ranean moisture to reach the rootlets of the plants. Soil of this kind 
appears to exist in many localities in California, where beets are grown 
almost without rain. The porous and sandy soils adjacent to many 
of the Western rivers, such as the Arkansas River in eastern Colorado 
and western Kansas, also appear to furnish a sufficient amount of 
subterranean moisture to produce a good crop in connection with the 


rainfall, of which, however, but little is expected in those localities © 


during the summer months. Where there is little subterranean mois- 
ture, and where irrigation is not practicable, the culture of the sugar 
beet should not be undertaken unless an average summer precipitation 
of 2 to 4 inches per month can be depended on. There are many con- 
ditions of agriculture, however, under which the beet becomes quite 
independent of extremes of precipitation. The beet may thrive with 
very little rainfall or with a great deal, if properly cultivated in a 


suitable soil. 
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7 
GROWING BEETS ON IRRIGATED LANDS. 


The experience of more than twenty years in California and ten 
years in Colorado has shown that the climatic data, regarded as of 
prime importance in beet culture in Europe, can not be regarded as 
rigidly applicable to this country. The successful growth of sugar 
beets in the arid regions of our country, with irrigation, has intro- 
duced a new factor into the science of beet meteorology. While the 
arid area on which beets can be grown without irrigation is probably 
confined almost exclusively to the coast valleys of California, the suc- 
cessful commercial production of sugar beets in Utah and Colorado 
has opened a new and extensive field. What has taken place in these 
States is being 
rapidly dupli- 
cated in Idaho; 
a beginning has 
been made in 
Montana, and the 
time is undoubt- 
edly coming when 
beetswill begrown 
in Wyoming and 
probablythrough- 
out the whole arid 
region. 

The northern 
parts of our East- 
ern and Middle 
States and the 
States of Oregon 
and Washington 
have at least an 
equal chance for 
the successful 
production of beet sugar with the fields of Germany and France. 
The irrigable parts of the great Southwest have advantages of soil 
and climate which will enable them to enter into competition in the 
production of beet sugar. To be able to control the moisture of 
the soil is a matter of prime importance to the beet grower. In the 
arid region the time at which the beet matures can be controlled by 
withholding the water. Furthermore, there is no danger of loss due 
to second growth, so easily induced by late warm autumnal rains. 

The high cost of good irrigation renders it imperative that the areas 


under culture be devoted to a crop which is capable of producing a 
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Fig. 2.—Kleinwanzlebener sugar beet. 
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more valuable yield than is afforded by cereal culture. In a dry soil 
the beet can endure without damage a low temperature, which would 
prove quite disastrous in a wet climate. More complete maturity 
may be thus obtained, and a more leisurely harvest. In fact, there 
is no staple crop which can compete with the sugar beet in demanding 
the favorable attention of those interested in irrigation. If a net 
profit of from $10 to $20 per acre can be secured, from $100 to $200 
per acre can be paid for the land. It is estimated that nearly 
80,000,000 acres of land in the arid regions of the United States may 
eventually be irrigated, being nearly one-fifth of the total area. Of 
this area perhaps 10 per cent is capable of easy and speedy irrigation. 
One million acres planted to beets would yield, under intensive cul- 
ture, a quantity of sugar sufficient, with the Louisiana product, for 
domestic consumption. There is nowhere in sight a more promising 
prospect for agricultural development than in the production of sugar 
beets on irrigated lands. 


VARIETIES OF BEETS. 


Botanically all kinds of sugar beets are of the same species as 
the common garden beet (Beta vulgaris). The differences between 
varieties have arisen from selection and breeding. Certain valuable 
peculiarities resulting from natural variations or mutations have, 
through careful selection, been fixed, and pure strains having these 
superior qualities associated with certain distinguishing external 
characters have been developed. 

The shape and size of the beet, its color, the character of the foliage, 
whether erect or spreading, etc., are the most frequent marks of dis- 
tinction. The beets are also frequently designated by the names of 
those who have developed them, or by the name of the town or locality 
in which they have been grown. 

Among the more frequently occurring varieties grown in Europe 
may be mentioned the Improved Kleinwanzlebener, the Kleinwanz- 
lebener, and the Vilmorin, the two latter being most widely known 
in this country. Sugar manufacturers prefer those varieties which 
yield a high percentage of sugar, since the juices are purer and the 
expenses of manufacture and the cost of the raw material are less. 
Large beets yielding a large tonnage were usually grown in Europe 
prior to the adoption of legislation placing a tax on the beet itself 
instead of on the sugar, and were preferred on account of the value 
of the pulp for cattle feeding. 

The certainty that the seed has been grown according to the most 
scientific methods is of great importance to the beet grower and 
sugar manufacturer, since the former may depend upon producing 
rich beets and receiving fair compensation for his labor and the latter 
is enabled to operate his factory economically. The beet has reached 
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such a high state of perfection as to make the least degree of laxity 
in its treatment exceedingly dangerous to its qualities. 

The best beet for general cultivation is probably the Kleinwanz- 
lebener, which seems now to have a wider cultivation in this coun- 
try than any other variety. The general character of this beet is 
shown by figure 2. It has a conical root, straight and even, quite 
large at the head and rapidly tapering, and is distinguished from 
the Improved Vilmorin by its brighter color and its lighter-colored 
leaves, which are beautifully undulating or scalloped about the edges. 
Coming from a cross in which the Improved Vilmorin entered largely, 
the Kleinwanzlebener is to-day a fixed variety and is equally well pro- 
duced in France and 
Germany. It suc- 
ceeds in soil of an 
alluvial nature and 
average richness and 
on level plateaus. 
In soils very rich in 
humus it ripens 
poorly and loses 
much of its richness. 
Like the Improved 
Vilmorin, toward the 
end of the growing 
season its leaves are 
completely spread. 
Under those condi- 
tions of culture 
where the Improved 
Vilmorin gives from 
12 to 16 tons per acre, 
the Kleinwanzlebe- 
ner gives from 14 to 18 tons; and from these beets 13 to 18 per cent 
of sugar can be obtained. 

The other general type, the Vilmorin, is illustrated in figure 3. This 
beet is the result of thirty-five years of methodic and persevering 
selection based upon the lines to be indicated hereafter. In regard 
to its preservation, it is recognized that it holds its sugar content 
as well as any other variety. In those factories in Germany and 
France in which sugar is manufactured from the Improved Vilmorin 
in connection with other varieties it is the custom to reserve this 
variety for the end of the season and to work up the less reliable 
beets at an earlier date. It is also said to resist better than any other 
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variety the unfavorable influence of certain characters of soil and 
of certain manures. In black soils, rich in organic matter, it gives 
great results, while most other varieties of beets become watery or 
saline in excess. Excessive quantities of nitrogenous fertilizers, 
which are carefully excluded from ordinary varieties, can be applied 
with safety to the Improved Vilmorin; a great number of experiments 
have shown that this can be done without serious deterioration in 
the quality of the beet and with a considerable increase in weight. 
However, experiments with Kleinwanzlebener beets show that they 
are also susceptible to the influence of such fertilizers, as is shown 
by a gain in tonnage when fertilized. From thousands of analyses 
it has been established that about 16 per cent of sugar can be obtained 
with the Vilmorin and that under favorable conditions from 12 to 
16 tons per acre can be raised. 

In this country considerable quantities of beet seed have been 
grown at Fairfield, Wash., and also by the Utah-Idaho Sugar Com- 
pany in Utah and Idaho chiefly, in the latter case, for its own use. 
In California and Michigan also some seed is produced. 

Within the last six years the Department of Agriculture has been 
doing considerable work in endeavoring to develop a strain of beets 
bearing single-germ seed balls (see p. 30) and in growing seed better 
adapted to the requirements of this country. Considerable prog- 
ress has been made along these lines. The farmer growing beets for 
a factory does not have to consider these points to any great extent, 
as the factories buy the seed and then furnish it to their growers. 
It is of prime importance that the factory purchase the best seed, 
and they are better able to judge as to the kind of seed desired and 
to test its vitality. 


CULTURE OF SUGAR BEETS. 


Farmers who raise beets for a sugar factory are not left entirely 
to their own resources in growing the crop. They enter into a con- 
tract with the factory management which outlines the methods to 
be employed. Then the factory employs an agricultural superin- 
tendent and a corps of assistants whose duty it is to go among the 
growers giving instructions and suggestions regarding the selection 
and preparation of the soil, planting, cultivation, time of harvesting, 
etc. These men are of course well informed on all phases of beet 
culture, and they are usually able to make valuable suggestions in 
regard to the cultivation of other crops grown in rotation with beets. 
Their instructions and influence, therefore, tend to improve the farm 
practice of communities in which sugar beets are grown. 
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SELECTION OF SOIL. 


The sugar beet does not require a particular kind of soil for its 
proper production. In general, soils are described for practical pur- 
poses as clayey, sandy, loamy, or alluvial soils; all of these soils will 
produce beets. The black prairie soils also have been found, with 
proper cultivation, to produce excellent beets. Perhaps the best 
soil may be described as a sandy loam, a soil in which there is a 
happy equilibrium of organic matter, clay, and sand. 

New land should not be selected to grow sugar beets, for the crop 
is not a good reclaimer of soils; and especially to be avoided is new 
land containing decaying vegetable matter, which produces only 
rank growth with low sugar content. Preferably the most produc- 
tive land on the farm should be ‘used, such a soil as will yield a good 
crop of Indian corn, wheat, or potatoes. The soil should neither 
be so compact as to interfere with cultivation to a depth of 10 or 12 
inches nor have a tendency to bake hard. It may contain some 
alkali, as sugar beets are not especially susceptible to injury from 
this constituent. The soil should be reasonably level, but it should 
also be well drained. Natural drainage on level soil being somewhat 
deficient, tile drainage may be practiced with advantage. 


FERTILIZATION. 


Happily, in most American soils there is still sufficient natural 
fertility to produce a good crop of sugar beets; whereas in the soils 
of Europe, where sugar beets have been grown for years, the farmers 
must depend on fertilizers to insure a remunerative crop. 

The principles of fertilization depend upon the fact that a soil 
should have returned to it all that the harvest has removed, and an 
unproductive soil be supplied with those elements in which it is 
deficient. 

The soil ingredients most essential for the successful production 
of sugar beets are nitrogen, phosphoric acid, potash, and lime. 

The following are the quantities of these constituents in 1,000 
pounds of beet roots and in an equal quantity of beet leaves, as deter- 
mined by numerous analyses: 





In 1,000 | In 1,000 
Constituents. pounds | pounds 
of roots. | of leaves, 


Pounds. | Pounds. 
3.3 


PRPROIN nite hs cassie ene ve da seCeaeh bs ne tin cae e see tinw th aeceaedducteeceet aug We eeee ee 6.5 
PIU Ni oii an Asis ails tenia nie Salon oan Seiaes Suaeaenmad eae awaseacdis pete 0.8 13 
PROMI T oo caiioce where Soca wk int bobneydarcdehss cuedacncedas Mettas staeewi tee deeesCae? 1.6 3.9 
IEG GAP Ose oe coe ees eee Sa toni PatC eeeeae ae eee | 7.1 18 1 





It will be seen from the foregoing table that, for equal weights, 


the leaves make a heavier drain on the plant-food elements of the 
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soil than do the roots. The disposition to be made of the leaves is 
therefore a matter of considerable importance. By leaving them on 
the land the plant-food elements which they contain will be returned 
to the soil. If they are removed for feeding, the need for applications 
of commercial fertilizers is increased. The leaves may, however, be 
fed and the resulting manure may be returned to the soil without 
material loss of these fertilizing constituents; or in some cases stock 
may be turned into the beet fields to feed on the tops and leaves 
remaining on the ground after the harvest is completed. 

Most soils contain a sufficient quantity of lime, although there 
are some in which the supply of lime is naturally deficient; and 
such soils would be benefited by an application of land plaster, 
burned lime, phosphatic slags, or ground shells. Phosphoric acid 
and potash are supplied in the form of ordinary commercial ferti- 
lizers—the phosphorus as ground bone, superphosphate, or basic slag, 
and the potash may be supplied in the form of muriate or sulphate 
of potash or as kainit. 

Nitrogen may be supplied in the form in which it exists in ground 
bone, or from the refuse of the slaughterhouses in the form of dried 
blood and tankage, or as cotton-seed meal or oil cake, or as nitrate 
of soda, sulphate of ammonia, etc. 

Barnyard manure offers a ready means for fertilizing the soil, and 
one which every farmer can employ. By its use, humus is added to 
the soil as well as small percentages of potash, phosphoric acid, and 
nitrogen. There is a great difference of opinion as to the best time 
and method for applying it to beet land. In general, however, it 
should be applied, in a well-rotted condition, in the autumn before 
the ground is plowed. The quantity per acre depends, of course, on 
the fertility of the soil; but in any case it is not best to apply a very 
heavy dressing. With poor soils it is best to apply the manure for 
several years in succession, rather than to apply enough at once to 
bring it up to the required state of fertility. Too copious an appli- 
cation of manure is apt to produce overgrowth in the beets, which 
makes them iii suited to the manufacture of sugar. If the manure 
be applied in an unrotted condition it is apt to seriously injure the 
crop in case of dry weather. 

As to the relation which the quantity of material returned to the 
soil should bear to the quantity abstracted by the beet, it may be 
said in general that it is desirable to return as much nitrogen, from 
one and a quarter to one and a half times as much potash, and two 
and a half times as much phosphoric acid as have been removed by 
the roots. Greater additions of potash and phosphoric acid have 
no disadvantageous effects upon the crop. But it must not be 


expected, on the other hand, that increasing fertilization, especially 
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with potash, will produce proportionately increasing crops, as has 
been asserted by some. 
As regards the use of nitrate of soda for fertilization, if applied 


' late to the beet crop, it prevents its ripening, thereby lowering the 


sugar content. It is best applied early and in small quantities. 
Heavy applications are thought to injure the beet for manufacturing 
purposes. 

CROP ROTATION. 


Every farmer should understand that he can not continuously grow 
any crop on the same ground and secure maximum results. Many 
try to do this, but they do it to their own loss and the depletion of the 
soil. 

One of the great objects of crop rotation is to bring about and 
maintain an equilibrium of soil constituents and conditions. The 
best rotation is the one in which the method of culture and action of 
the plant each year leave the soil in the best condition for the fol- 
lowing crop. Beets do best after alfalfa, corn, or small grains. 

A good scheme of rotation is, first, wheat; then beets; then clover 
for two years, the last crop being plowed under; then potatoes, 
wheat, and beets in the order mentioned. If alfalfa can be grown, 
it should be included in the rotation of crops. Also in some sections 
potatoes do well in the rotation. By this method, and a judicious 
use of stable manure and commercial fertilizers, the fertility of the 
soil can be maintained and even increased. Beets do well after 
small grain crops, because these, being harvested early, leave the 
ground ready for late autumn plowing, an important point in suc- 
cessful beet culture. 


PREPARATION OF THE LAND FOR PLANTING. 


The field in which beets are to be planted should be selected and 
plowed in the late autumn to the depth of at least 9 inches. As a 
rule the plow in each furrow should be followed by a subsoiler, which 
will loosen the soil to the depth of 6 or 7 inches more. A convenient 
subsoil plow is shown in figure 4. Each field to be planted in beets 
should thus have the soil prepared by thoroughly loosening it to the 
depth of from 15 to 18 inches. The land, being exposed through the 
winter, becomes quite mellowed, and in the spring can in many cases 
be prepared for planting by thoroughly cultivating the surface of the 
soil until it is reduced to perfect tilth. The large cultivator shown in 
figure 5 can be conveniently used for this purpose, followed when 
necessary by a harrow and roller. Too much can not be said of the 
importance of correct preparation of the ground before seeding, as on 
this condition the crop depends to a large extent. The seed bed 


should be uniformly well pulverized. It is desirable, however. that 
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each portion of the field to be planted should be thoroughly prepared i 
immediately before the planting takes place. For instance, if the 
planting is to be made on a given day, the soil should be thoroughly 





Fig. 4.—Subsoil plow. 


prepared on the previous day. Thus all weeds and grasses which 
have started to grow are killed, and the beets have an even chance 
with the weeds for growth. If, on the other hand, the soil be pre- 
pared a week or even a few days before planting, the weeds and 
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Fic. 5.—Cultivator for sugar beets. 


grasses get a good start, and it is difficult to free the beets therefrom. )) 

In case the ground has to stand any time before seeding after being 

prepared, it should be constantly and thoroughly cultivated. 
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PLANTING THE SEED. 


Hand planting of the seed may be practiced when a very small plat 
is to be put in beets, but where a field embracing an acre or more is 
to be planted it is not convenient. In such cases planting by drill is 
best. Almost any garden drill can be adapted to use with beet seed. 
Special drills for sugar-beet seed are made by many manufacturers 
of agricultural implements. In planting by drill it is necessary to 
use from 15 to 20 pounds of seed per acre; in planting by hand from 
10 to 15 pounds will be found sufficient. 

A very convenient hand drill, which is especially fitted with a beet- 
seed dropping apparatus, is shown in figure 6. This machine marks 
the row, excavates the furrow, drops the seed at any required dis- 
tance, and covers it. 





a / ——=. 


Fic. 6.—Hand seed drill. 


The beets should be covered to a depth of one-half inch to 2 inches, 
according to the state of the soil. If the soil be moist and in excellent 
condition, the beet seed should not be covered more than half an 
inch. If, on the other hand, the soil be very dry and early rains are 
not probable, the seed should be covered to a depth of 2 inches. 

In the matter of space between rows there is considerable varia- 
tion. In some cases the rows are made only 16 inches apart, and in 
others as wide as 28 inches. In recent years the tendency has been 
to increase rather than diminish the distance, though much depends 
on the soil and local conditions. It is argued by many that the 
greater ease and economy of culture with the wider rows outweigh the 
increased yields per acre which may be secured in the narrower rows. 
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When a considerable acreage is planted, it is important to be able 
to plant two or more rows at a time. The accompanying illustra- 
tion (fig. 7) shows a seed drill which plants four rows at once. 

In planting by hand or by drills an effort should be made to drop 
the seeds singly and at equal distances apart. 

Under irrigation planting can be accomplished at almost any time, 
as the ground can be irrigated, then cultivated, and the seed planted 
at once. 

Beets should be planted as early in the spring as practicable, but 
the ground should have sufficient moisture and warmth to cause 
germination of the seed. Experience has shown that the early- 
planted beets almost uniformly produce a larger yield with a higher 
content of sugar than the ljate-planted. No exact date can be fixed 
which would be suitable to all localities. In most of the localities in 





Fic. 7.—Four-row seeder. 


the beet area or the United States it will not be found practicable to 
plant earlier than the first week in May. In exceptional seasons a 
part of the sowing can be accomplished in April. On the Pacific 
coast, especially in central and southern California, the sowing can ~ 
take place at a much earlier date. In parts of California planting is 
done in December with favorable results. But if planted too early, 
some of the beets will go to seed before harvest time. When this 
happens the percentage of sugar is diminished. 

Most factories, by way of inducement to early planting, offer free 
seed for replanting any beet fields that may be injured by frost or 
other unfavorable conditions. This early planting makes it possible 
for the factory to begin its campaign earlier in the fall. 
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CULTIVATION. 


To prevent the formation of a crust, and to keep the weeds and 
grass from getting a start, it is often necessary to cultivate the beet 
field with a spike harrow before the plants come up and to continue 
such cultivation until the beets are large enough for row cultivation 
to begin. Cultivation must not be postponed or neglected unless 
wet ground makes it impossible. The purpose of cultivation is two- 
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; Fia. 8.—Horse hoe. 


fold: (1) To hold the moisture in the soil; (2) to destroy the weeds 

and grass, as in the early stages of the beet’s growth these can spoil 

the stand by choking the plants. When the land becomes dry is the 

most important time for cultivation in order to prevent the escape of 

moisture from the soil. Cultivation should be continued until the 

beets have attained such a size that the leaves cover the ground. 
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‘When large fields are cultivated, the horse hoe, a model of which is O | 
shown in figure 8, may be used. For smaller fields a similar appara- 
tus propelled by hand may be employed. Convenient implements of 





Fic. 9.—Hand-wheel hoes. 


this kind are shown in figures 9 and 10. This implement frees the 
spaces between the rows of beets from weeds, and guards are used to 
prevent the growing beets from being covered by the loose soil. 





Fic. 10.—Cultivator for beets. 


In growing beets with irrigation a cultivator which will prepare the vf 
furrow for conducting the water over the field is important. Such a 


device is shown in figure 11. In this implement the plow shown in the 
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Vie { rear of the cultivator teeth forms the required furrow and can be 
set at any required depth. 

In the cultivation of large areas an implement adapted to four 

rows of beets is desirable. Such an implement, however, can not be 


oe 





Fig. 11.—Beet cultivator for irrigated lands. 


advantageously used, except in those cases where the beets have been 
sown with an implement planting four rows ata time. The cultivator 
shown in figure 12 is suitable for use on fields which have been planted 





Fia. 12.—Four-row beet cultivator. 


vf s with the seeder shown in figure 7. Different kinds of devices for culti- 
vation can be easily attached so that the implement can be used as a 


plow, a cultivator, or a harrow. 
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BUNCHING AND THINNING. 


When the beets show three or four leaves, they should be bunched 
and thinned. The bunching is best accomplished with a short-han- 
dled hoe. One stroke of this implement takes out all the beets in the 
row except small bunches from 8 to 10 inches apart, depending on the 
width between the rows and other circumstances. From these 
bunches should be removed by hand all the plants but one, the 
largest and healthi- 
est. Great care 
should be exercised 
in this work, and by 
careful selection all 
of the inferior plants 
will be removed. 
On the proper thin- 
ning, the tonnage 
largely depends. 


that less space 
should be left be- 
tween the plants. 
If the rows be 18 
to 24 inches apart, 
the space between 
plants can vary 
from 8 to 10 inches, 
depending on the 
nature of the soil. 
When thinning, it is 

Fig. 13.—Correct position of a mature beet in the soil. a good plan to give 
the ground a thorough hand hoeing. This can be done at a little 
extra expense and will pay for itself in the long run. If the thin- 
ning is put off too long, the crop will suffer. 





POSITION OF THE BEET IN THE SOIL. 


It is important not only that a sugar beet should be of proper size 
and shape, but also that it be grown in such a manner as to secure the 
protection of the soil for all of its parts except the top with foliage. 
The proper position for a beet to occupy in the soil at the end of growth 
is shownin figure 13. This position can only be secured for the beet by 
growing it in a soil sufficiently pervious to permit of penetration by 
the taproot to a great depth. It is for this reason that subsoiling in 
the preparation of a field for the growth of sugar beets is of such great 
importance. If the beet, in its growth, should meet a practically 
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impervious subsoil at the depth of 8 or 10 inches, the taproot will be 
deflected from its natural course, lateral roots will be developed, the 
beet will become disfigured and distorted in shape, and the upper por- 
tion of it will be pushed out of the ground. Experience has shown 
that the content of sugar in that portion of a beet which is pushed 
above the soil is very greatly diminished. 


HARVESTING AND DELIVERY OF BEETS. 


The time for harvesting varies in different localities. In southern 
California the beets planted in December are ready for harvesting in 
the latter part of June or the first of July. In general it may be said 
that beets planted the first week in May will be ready for harvesting 





Fig. 14.—One type of beet harvester. 


about the 1st of October. Harvesting should be postponed to as late 
a date as possible, provided the beets are in no danger of a second 
growth and are not exposed to a freezing temperature. The leaves of 
the ripened beet change from a rich to a yellowish green, droop and 
lie close to the earth, and many of them die. 


REMOVING BEETS FROM THE GROUND. 


The harvesting is easily accomplished by first loosening the beets 
in the soil and then removing them by hand. For loosening the beets 
a common turning plow is often used. The edge of the share cuts off 
the tap roots at the proper depth and the beets are lifted and thrown 
over by the moldboard. Better adapted to this work, however, are 
plows which have been specially constructed for beet harvesting. In 


many localities beets are harvested with an implement such as that 
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shown in figure14. It can be used very successfully where rows are 
perfectly straight and the beets of uniform size. The lifting part of the 
apparatus runs deep enough in the soil to catch the beet below its mid- 
dle part. As the “digger” is drawn forward, the beets are caught 
between its two prongs, which are nearer together in the rear and 
slope upward; as a result the beets are lifted and the tap roots broken. 
After the harvester has passed, the beets are lifted out of the ground 
oy means of the leaves. 

Several more or less complicated devices have been invented 
which are designed not only to lift the beets but to cut off the tops 
and shake off the adhering dirt. Some ambitious inventors have 
attempted the construction of a harvester which will not only dig, 
top, and clean the beets, but load them into a wagon. Such a har- 
vester is much to be desired; but while some of these inventions have 
worked fairly well under favorable conditions, it must be said that 
none has yet proved satisfactory under all conditions. Hence the use 
of such harvesters has been very limited. 


TOPPING. 


The next operation consists in removing from each beet the top 
or neck bearing the leaves. This is done by a large knife. The 
object of removing this portion of the beet is to prevent the mineral 
salts, which have accumulated in large quantities therein, from 
entering the factory, as they exercise a very deleterious influence 
on the crystallization of the sugar. The tops and leaves are well 
fitted for feed or for fertilizing purposes. (See p. 39.) 

The removal of the tops of the beets is a tedious process, which 
in Europe is performed by women and children. In this country 
sometimes the whole family goes to the beet field and performs the 
work. More commonly, however, it is done by laborers of various 
nationalities, who are brought in by the factory and with whom the 
farmer contracts to do this work as well as the hand work of growing 
the crop. 

The topping of the beets can be a source of great waste for the 
farmer, as too much may be taken off and the tonnage decreased. 
Constant supervision is necessary in this work. Several attempts 
have been made to construct a mechanical device by which the 
beets can be topped, thus saving a large expense, and perhaps a 
successful device of this kind may some day be invented. So far 
as is known at the present time, however, this process has not been 
successfully accomplished by machinery, and the topping must still 
be done by hand. 

When the beets are topped they are thrown into piles, and the 
feaves are thrown over them as a protection from the sun or frost 


until they can be delivered to the factory. 
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DELIVERING BEETS TO THE FACTORY. 


After they are harvested and thrown in piles in the field the 
beets are usually loaded into wagons and hauled directly to the 
factory or to a railway station for shipment to the factory. Ordi- 
nary farm wagons are often used for this purpose; but wagons spe- 
cially designed for this work are more satisfactory, and hence are 
widely used. The bottom and sides of the wagon bed are made of 
slats with one-half to 1 inch spaces between. As the beets are 
hauled the shaking and rubbing of the beets tends to free them of 
adhering soil, which falls out through the cracks. The ends of the 
wagon bed are stationary and the sides are hinged so as to drop 
down. These wagons will hold from 3 to 6 tons. A net of rope 
having from 2 to 3 inch mesh is spread in the wagon first, and on 
this the beets sre thrown. On arrival at the factory the side next 
the bin is lowered and the projecting net on the other side is fastened 
to a tackle and raised by power. In this way the load is dumped 
quickly and with little labor. Sometimes nets are used as a means of 
lifting beets from ordinary farm wagons. 

Where the beets are shipped by rail a special dumping apparatus 
is installed at the shipping point. The usual form of railroad 
dump is a high platform approached by a long incline. The loaded 
wagon is drawn up, the team is unhitched, the wagon locked on the 
platform, the side dropped, and the platform tipped by machinery. 
In this way the load is dumped. With another style of dump the 
wagon is not driven up on a platform, but is left on the ground, 
the wagon bed being lifted to a height and then dumped. 

In cases where there is no railroad dump, a car is placed on a 
siding and the beets are shoveled into it. 

When delivering to the factory, the farmer need not go home 
with an empty wagon; he can collect manure to be used in fertil- 
izing his fields or can obtain a load of pulp for feed. Most fac- 
tories, in their contracts with farmers, stipulate that a certain per- 
centage of the weight of the beets delivered can be taken back in 
the form of pulp. This is a valuable cattle food and the farmer 
should not miss the opportunity to use it. 


TARING. 


In shoveling the beets into wagons for delivery to the factory, a 
certain amount of extraneous matter, such as stems, tops, and clods 
of dirt, are also thrown in; moreover, certain soils cling to the beets 
more than others, especially after wet weather. Some deduction 
must be made from the weight of the load delivered to account for 
this. Again, the topping may be very poor, not enough being 
remeved, so that there is a loss to the factory, which should be con- 
sidered. A sample is taken when the load is dumped into the bins 
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at the factory, the actual percentage of tare is determined, and this 
figure is applied to the whole load. From the nature of the case, 
different loads may have a varying percentage of tare, and this 
point is a constant source of friction between the growers of beets 
and the factory. But usually it is stipulated in the contract made 
by the factory with the farmers that the latter may appoint a man 
to oversee this step in the process. 


SILOING SUGAR BEETS. 


When beets are to be preserved for manufacture during the win- 
ter months or for the production of seed, they must be carefully 
protected from the deteriorating effect of freezing and thawing. The 
simplest and the easiest method is to place them in piles and cover 
them with earth, not too deeply, for if they become too warm in the 
silo they rapidly lose in sugar content. When first siloed, they should 
be covered with only a slight layer of earth; as the cold of winter 
becomes more intense this covering can be increased. In some 
localities only a slight covering of straw is necessary to protect the 
beets, as, for instance, in California. In other localities, such as in 
Michigan and Wisconsin, it is probable that the beets have to be 
covered to the depth of 6 inches, and even more, to protect them 
from frost. 

It is most important not to put too many beets in one pile, cer- 
tainly not over 5 tons. If, however, the silo is made in the form of 
a rick, no such limitation is necessary. There must be an opening 
in the top to allow ventilation. In case of a rick there may be 
several. ‘The silo should be placed on the highest point of land 
available to provide for proper drainage in case of heavy rains or 
melting snow. The beets should be siloed on the same day that 
they are removed from the ground. 

The object of siloing, in case of beets for seed, is to prevent them 
from freezing, and greater care should be used in making the silos. 
In the case of factory beets, the purpose of siloing is not entirely to 
prevent freezing, for in the frozen state the beets do not deteriorate 
to any extent; but it is to keep them fresh and prevent their wither- 
ing or drying out. Freezing and thawing, however, must be avoided, 
as beets that freeze and thaw a number of times lose a greater part 
of their sugar by inversion and decomposition. 

It is becoming customary in this country for the sugar companies 
to ask the farmers to silo part of their beets when the total crop 
can not be worked up before winter sets in. To repay the farmer 
for this extra handling they are given a sum varying from 20 cents 
to 50 cents a ton extra. A few factories situated in the cooler 
regions where siloing must be practiced agree to take all of the beets 


of the farmer before frost comes and silo them, but this is not the 
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general practice. In California very little siloing has to be done, 
and then only by using the leaves as a covering. 


COST AND PROFITS OF GROWING SUGAR BEETS. 


The cost of growing an acre of beets depends on so many varying 
factors as to render it impossible to give an estimate which is reliable 
for every locality. The differences in rent of land, cost of labor, meth- 
ods of culture, etc., require that any estimate which may be given 
should be revised for almost every series of conditions. The following 
estimate of the cost per acre, made several years ago when wages were 
somewhat lower than at present, is based on a yield of 12 tons per 
acre, except in Utah, where the yield was placed at 15 tons. 

An assumed yield per acre is requisite in estimating the cost of 
harvesting, etc., since a part of the cultivation and the harvesting are 
often contracted at a certain price per ton of beets. The figures given 
below are from actual averages or from estimates by experienced men. 


Estimated cost per acre of sugar-beet culture. 























Cali- | | | 
Items. ‘ona. | Utah. | Nebraska. | Michigan. 
COR TR aod ot texinccdas dadeveveceuneas Mad tagncae bawemaa tev $1.00 to $1. 50 $2.25 
Pee DI OEP OUE ook v2 vines caseosecccucuseces | $5. 37 $3.50 2.50 to 3.00 a 
Beg MIE MOIR goa i lan ss <2 505 we wake sear ewes es | 1.80 2.75 3.25 to 3.85 2. 50 
Becontree GUN CINE « .. 5. oss cc ctcccccccecsecacses | 4.00 7.00 7.00 
PIO enn codec exc stv conc <vapisdccagende=ocodiusae, |p 14.40 4.00 2.00 to 4.00 4.00 
CENT inca dae vnaces ecdccsunnguccvuaccKedsnnesees | 2.00 1.50 to 1.60 1.50 
CRG ON i, adv aug poseaceniahbbauasanisheRanne el GL |. .cccee éadeeeddadsicehh’caaees 
Harvesting and delivering... ..............-sssseceees 61.50 €15.00 11. 00 to 13. 20 17. 20 
MS Sictis hoa ache aeanadacagenewsecactuaedaian 23. 07 32. 75 28.25 to 34.15 34. 45 
Cost of siloing when necessary. .............--.--+--- feeenecases | Seckedanes | 2.5080 8.00 |. cc.ccccoes 
a Cost of irrigation. b Exclusive of delivery. ¢ Based on a yield of 15 tons per acre. 


In the above estimate was included the cost of the best culture, 
but nothing for rent of land or a reasonable application of fertilizers. 
It is probable that the actual cost to our farmers for the first few 
years of the beet industry did not exceed $25 to $35 per acre and in 
many instances fell below these figures. 

It is reasonably certain, accidents of season aside, that a net profit 
of from $8 to $15 per acre may be expected from the proper culture 
of the sugar beet in localities near a factory when all the conditions 
of the best methods of culture are fulfilled. 

For comparison with the above estimate there are given in the 
following table the actual figures submitted by a Colorado farmer, as 
published in The American Sugar Industry and Beet Sugar Gazette 
of June 20, 1907, and also those given by a Wisconsin farmer and a 


Washington farmer in the same journal for April, 1908. 
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Reported cost of sugar-beet culture in three actual cases, and the net returns. 

























Items. Colorado. | Wisconsin.| Washington. 
ui UE ieee 

Semiber of acres Dlamted 5... < coisisinsccasiccecccsvcscee Leeuw twas 5 11 11 
PRUNE, DATPOWING, IOVOURE.. .... ccc cnccccccvecdedeccesssasnnge $8.75 $34. 85 $24.00 

SNR RISC NE Aree isecd a ek aahc vac eee | $12. 30 $39.00 $26.7 
ae ee OL ce Whig dah whwarald Calaais Reece Geen tate knees | $2. $6. 40 $4.00 
Reena. wacase S6cecs oh eds ee sna ve sdeecaGecbecedsetesenes . 75 | $66. 00 
ORE RE go oo Be ek ee "95 |p $60.00 { $30. 50 
Eee pene WINtE MLEOUNNE. . ooo ko occ wince cconcccosseebevconcescevecs 9. 27. 50 $17. 50 
NN ion give cicinlactis'e sim ohn + eine p eu wie eae ces cine ceeeunue | 3. Joneeeceecees[eeeeeeeeeeee ee 
Ss ain hd vce sano Re aickoa cuices esiesencue shad $167. 75 $168. 70 
Average cost per acre......... an $15. 25 $15. 34 
Cost of harvesting and delivery... $218.00 $133. 15 
TUR AVRENO CORE DOF BOIS. 6... 55.5.5. swasexccecesadenecencagil "$35.07 | $27 44 
Number of tons of beets harvested. ..............-csececccccccee lid dca meee ote 135 115 
I I wcrc ccdidusnecedebatnnwneceadincaey lectins eMail $695. 00 $607. 00 
ee IMIS oso cnc nas rasatccccncetee tum nece seen eemarnceeera | $63. 18 $55. 18 
$28. 11 $27. 74 


PI NO ois id do wma e es ce dcceveswenteenvssneucees ecnpens ey one | 28. 

In none of these estimates have the rent of the land or interest on 
capital been considered. It is not wise to underestimate the actual 
cost of growing the beets, for this will lead the farmer to expect large 
profits, which often in practice give way to actual deficits. 


VALUATION OF BEETS AT THE FACTORY. 


In the purchase of beets for sugar making the factories offer the 
growers either a ‘‘flat rate”’ or a ‘‘sliding scale.” In case the former 
system is adopted, the factory offers a uniform price of $4.50 or $5 
per ton for all beets which reach or exceed a certain minimum stand- 
ard of quality, as, for instance, a sugar content of 12 or 14 per cent 
with a purity of 80. In case beets which fall below this standard are 
offered, the factory may make a reduction in the price or refuse the 
beets, but no extra price is paid for beets which exceed the standard 
requirements. If the ‘‘sliding scale’”’ is adopted, the factory offers a 
minimum price of say $4 or $4.25 for beets which reach a minimum 
standard of quality, as, for instance, 12 per cent of sugar with a purity 
of 80, and makes an extra allowance per ton of 25 to 35 cents for each 
per cent of sugar in excess of the established minimum. Under this 
system beets of extra fine quality may bring $5.50 per ton or even 
more. Some factories buy all their beets at a flat rate, others buy 
only according to a sliding scale, while many offer the farmers their 
choice between the two systems. 

In determining the quality of the beets a sample is taken from each 
load delivered. The percentage of sugar is determined either directly 
from the beet or from the expressed juice. If from the juice (which 
is the usual method), the percentage of sugar in the beet is calculated 


from that in the juice. 
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According to a United States Census report on the manufacture of 
beet sugar in 1905, the average prices paid for beets were as follows: 


Prices per ton paid for beets in 1900 and 1905 compared. 


State. 1905. 1900. 








CONNOIIDS 5 oc. des ecthnses csiascia +00 45s ccgagarengecantneeidewacihostenmuadene aaake inane Me one ante. 
WOR So. sb dcace cece nda sieveducy teictdaveddedeeadhexdecedetns eens asesecesecdxeonesetd &. 52 4.38 
CON sada ene ning nye edignnedectiaswoveescese prdcastnedcadauntawsatadiesecaseaiunaaeae 4.72 4. 47 
NW INE a, 5 oaoaccncuecadedcaawhsdadd dads duds Gevecewibeaesspandn tt uae dsedetedesenans een G96 hieseasss 
MID UEROE Ro po vatkicos<ciadvadcocnahecdudsdsecdderswiceus Sennapearensagadsds camara 5.19 4. 26 

Acvvernae for Che Wanted BIRGER ss. so occas ccns cencvesecescucsexsnsecssensavuae 5. 22 4.39 





A comparison of these figures shows that there was a large increase 
in the price of beets during this five-year period. 


BEET-SEED PROBLEMS. 
PRODUCTION OF SEED. 


The production of seed is one of the most important operations 
connected with the sugar-beet industry. On the care and skill which 
are displayed in this process depend the improvement and mainte- 
nance of the sugar-producing qualities of the beet. It is, however, an 
industry in itself and only the result is of practical interest to the aver- 
age farmer. There are many different methods employed for producing 
seed which will grow the richest sugar beets, but there will be given 
here only a general outline of the principles which underlie the proc- 
ess. The beets which are to be preserved for seed are called ‘‘moth- 
ers” and are selected at the time of harvesting from specially grown 
beets or from fields of beets which have shown particularly good 
qualities on analysis. The size of the roots selected for mothers is 
about the average for the best sugar beets, viz, from 20 to 24 ounces, 
Smaller beets than these might show a higher content of Sugar; but 
it is not wise to produce a race of small beets. The weight of the 
mothers having been decided upon, the beets are next selected for 
their shape and external appearance. Those regular in shape and 
smooth in external form are to be preferred. 

The beets to be preserved for mothers are harvested with the 
greatest care to avoid injury. The top is not cut away, but the leaves 
are removed by cutting off the stems without injuring the top of the 
beet. 

They should be siloed in such a way as to protect the beets entirely 
from frost and yet prevent their growth in the silo until the spring. 
The beets are removed from the silo at an early date in the spring and 
are immediately subjected to analysis. The final selection depends 
upon actually determining the density of the juice and its content of 
sugar. For this purpose a cylindrical piece of the beet is removed 
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by an appropriate instrument cutting diagonally through the center 
of the root. This piece may weigh one-half ounce or even more, and 
its removal does not injure the beet for seed-bearing purposes. The 
juice is expressed from this piece and its specific gravity determined, 
as well as the percentage of sugar in the juice. From the specific 
gravity the amount of solid matter in the juice can be calculated. 
The percentage of sugar is determined by means of the polariscope. 

From these data the quality of the beet is ascertained and the 
question as to its use as a mother for seed is determined. An impor- 
tant figure in this work is the ratio of sugar to total solids in the beet; 
that is, the sugar divided by the total solids, the quotient being mul- 
tiplied by 100. This figure is spoken of as the ‘‘ coefficient of purity.” 

The procedure for selecting beets where seed is produced on a com- 
mercial scale is in brief as follows: A standard is set for sugar con- 
tent and also for purity. The beets are analyzed separately and 
are divided into two classes, namely, those in which either the content 
of sugar or the purity falls below the fixed figure, and, second, those 
in which these two numbers equal or exceed the fixed figures. It is 
sometimes customary to divide the latter class into two portions, 
viz, those roots in which the numbers equal or slightly exceed the 
standard, and, second, those which show exceptional richness. It is 
also customary to number each beet, and the number, which is cut 
into the skin of the beet, will remain legible even after the seed has 
ripened. Some of the producers of sugar-beet seed preserve the 
product of seed from each beet by itself, and do not use it to inaugu- 
rate the production of seed for commerce until it has received an addi- 
tional year’s trial. 

Many seed producers determine the percentage of sugar in the beet 
by a direct analysis of a pulped sample and base the selection of the 
mothers on the number so obtained, without regard to the coefficient 
of purity, as it has been proven in Germany that a beet of a certain 
sugar content will under most circumstances have a certain purity. 

By careful selection of mother beets and scientific culture the 
sugar beet has been raised to its present high standard of excellence, 
and is only maintained at this standard by constant supervision, such 
as has been indicated. 


DOMESTIC PRODUCTION OF BEET SEED. 


The commercial production of beet seed of pure pedigree and high 
grade has not been practiced to any great extent in this country. 
Beet seed has been grown for a number of years in the State of Wash- 
ington and also in Utah. The latter State consumes its own crop, 
while the seed from Washington has been used in all the beet-growing 
States. In 1904 the Department of Agriculture distributed 13,962 


pounds of American-grown sugar-beet seed, the greater part coming 
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from Washington. This seed went to farmers growing beets for fac- 
tories, and therefore was tested in direct comparison with the factory 
seed which is practically always imported. It was tested on 153 
farms, representing thirteen different States, 564 acres being planted. 
The results gave an average yield for Washington-grown seed of 10.72 
tons per acre, against 9.92 tons harvested from an equal area raised 
from imported seed. 

To grow sugar-beet. seed commercially certain conditions must 
exist which are not always applicable to experimental work. It is 
necessary not only that seed of high quality be grown, but also that 
it be grown economically and that there be reasonable certainty of a 
crop. Climatic conditions, such as the probability of severe rain- 
fall at the time of harvesting, play an important part in selecting a 
location for a beet-seed farm. The prevalence of insects and other 
pests must also be considered. 


COMPARATIVE VALUE OF DOMESTIC AND FOREIGN SEED. 


Numerous comparisons of home-grown and imported beet seed 
have been made. The plants from the native-grown seed seem to 
have a higher vitality and to be better suited to the climatic condi- 
tions of the locality than those grown from imported seeds. They 
show during the growing season a more abundant foliage and a better 
development of roots. This higher vitality and quality of the beets 
grown from domestic seed illustrate in a forcible degree the advisa- 
bility of the production of our beet seed at home. Even granting 
that seeds produced in foreign countries have the same high qualities, 
it must be admitted that their vitality is in danger of being very much 
diminished during shipment to this country. The moist air in the 
holds of ships in which they are transported often produces moldi- 
ness and incipient germination, which tend to diminish their value 
greatly. In 1904 American-grown seed yielded 10.72 tons of-beets 
per acre with a sugar content of 15.41 per cent, while imported seed 
averaged 9.92 tons with 15.26 per cent of sugar, the excess of sugar 
from the use of American-grown seed being from 300 to 350 pounds 
per acre. In 1905 American-grown seed yielded 14.32 tons of beets 
per acre with 14.9 per cent of sugar, while imported seed averaged 
12.14 tons with 15.1 per cent of sugar, an excess of more than 600 
pounds of sugar per acre of beets. In 1905 the averages were taken 
from 278 acres. These data should be carefully studied by all those 
who are interested in the production of beet sugar in this country. 
At present there is one grower of beet seed on a large commercial 
scale, and it is certain that it will not be long before there will be a 
demand for the establishment in this country of more plantations 
devoted exclusively to the production of beet seed on the most 


approved scientific principles. 
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The quantity of seed required to plant an acre is about 15 pounds. 
The approximate number of acres planted to beets in this country 
during the season of 1907 was 400,000, requiring 6,000,000 pounds of 
seed. More than 6,500,000 pounds of seed were required for the crop 
of 1908. It is evident that there is already an opportunity for the 
active operation of large plantations devoted exclusively to the pro- 
duction of beet seed for domestic use. 

Another point to be considered is that by the importation of foreign 
seeds there is danger of introducing those diseases of beets which have 
occasioned such ravages in Europe. 


SINGLE-GERM BEET SEED. 


The average beet-seed ball contains from 1 to 7 germs or seeds, 
each capable under certain conditions of producing a plant. In 
practice some seed balls will produce as high as seven plants, while 
others will only produce one. The Bureau of Plant Industry of the 
Department of Agriculture has undertaken the development of a 
strain of sugar beets bearing single-germ seed balls, and the results 
of that work up to 1905 have been published in a bulletin of that 
Bureau (No. 73). By careful selection, plants bearing 50 per cent of 
single-germ seeds have been produced. It is confidently expected 
that in time a plant bearing only single-germ seeds will be produced. 
The economy in the use of such seed is evident, as, when planted in a 
row, the thinning can be done by means of a hoe, thus doing away 
with hand thinning. This work was undertaken in 1902, and up to 
the present time is still in an experimental stage, none of this seed 
being available for distribution. 


DISEASES AND INSECTS AFFECTING THE SUGAR BEET. 


There are three diseases of the beet which prove especially destruc- 
tive: One is the “leaf spot” due to a fungus (Cercospora beticola), 
in which the leaves are covered with brown spots and die, forcing the 
beet to throw out new leaves at the expense of the sugar content 
and growth of the root. This has been successfully combated on a 
small scale by spraying with Bordeaux mixture, but whether this can 
be done economically on a commercial scale is still under investiga- 
tion. The second disease, ‘‘root rot,” likewise due to a fungus 
(Rhizoctonia), in which the roots finally rot off, seems to be increas- 
ing. If attended to in time, it can be checked by the use of air- 
slaked lime. The lime is sprinkled broadcast over the infected area 
and thoroughly hoed into the soil. The third disease, known-as 
“‘curly top,” causes the leaves to curl up; the beet does not develop, 
but finally dies. No satisfactory means of combating this disease has 
so far been devised, but reports on the subject have been issued by 
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the Bureau of Plant Industry and the Bureau of Entomology of the 
Department of Agriculture.* 

A number of other diseases, including ‘‘crown rot” and “damping 
off,’’ have been studied, but they are confined to small particular areas 
and have not wrought the damage that follows the three especially” 
mentioned. 

Many species of insects use beets as food. Not more than about 
50 species, however, are classed as noticeably destructive to the crop. 
Many of these have received extended notice in publications of the 
Bureau of Entomology? of the Department of Agriculture. From 
these reports the farmer can learn what has been done along this line 
and obtain suggestions as to the means of fighting the pests. 

The beet growers should send specimens of insects injurious to 
their crops direct to the Bureau of Entomology for specific identifi- 
cation and advice as to remedies. 


THE MANUFACTURE OF SUGAR. 
THE FACTORY PROCESS. 


The process of making sugar from the sugar beet is only of sec- 
ondary interest to the farmer, and will be treated as briefly as possible, 
giving merely an intelligent general idea of the methods followed. 
The beets are stored in bins which narrow down to a flume 
covered by small boards. By removing the boards, one at a time, 
the beets are fed into the flume, where a swift running stream of 
water carries them to a wheel or screw that lifts them to a washing 
tank. This is provided with an apparatus for keeping the beets in 
motion and transferring them toward the end from which the fresh 
water enters. In this process the whole of the adhering soil, together 
with any sand and pebbles, is completely removed. By a suitable 
elevator the beets are next taken to a point above the diffusion bat- 
tery, where they pass into automatic scales, which dump them when 
a certain weight has been received. From this they are dropped 
into a slicing apparatus, by which they are cut into thin pieces, called 
“cossettes,” of greater or less length, and of such a shape that when 
placed in the cells of the battery they will not lie so closely together 
as to prevent the circulation of the diffusion liquors. When the cell 
is full of the sliced beets it is closed and the hot juices from the cell 
last filled are admitted and allowed to remain in contact with the 
cuttings for a few minutes. From 10 to 12 cells are thus kept in use. 
While one is filling another is emptying. The fresh hot water is 


aU.S8. Dept. Agr., Bureau of Plant Industry, Bul. 122; Bureau of Entomology, 
Bul. 66, Part IV. 

bA Brief Account of the Principal Insect Enemies of the Sugar Beet, Bul. 43, Bur. 
ot Ent., U. S. Dept. cf Agr. Reference is also made to insects of this class in Buls. 
23, 29, 33, 54, 35, and &2 of the same series 
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always admitted to the cell next to be emptied and passes in succes- 6) 
sion through all the cells under pressure, until it reaches the one last 
filled. From this cell a quantity of juice is drawn off each time and 
sent to the carbonatation tanks for purification. With the drawing 
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Fig. 15.—Diffusion battery. 

off of a certain quantity of the juice, one cell of exhausted beet pulp, — J." 

the last one in the circuit, isdumped. Figure 15 illustrates in a general 

way the arrangement of a diffusion battery, but the circular type 
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there shown is no longer in use, the cells now being arranged in a 
straight line. 

The extracted cuttings are carried by conveyers to a press, where a 
portion of the water is removed, and they are then “scrolled” out to 
a silo in suitable condition for use as cattle food. The diffusion juice 
obtained as above described is conveyed to carbonatation tanks, 
where it is treated with from 2 to 3 per cent of its weight of lime in 
the form of a thick milk. The whole is heated and carbonic acid gas 
(obtained from the limekiln) is pumped into the mixture until a cer- 
tain alkalinity of the juice is obtained. By this process the impuri- 
ties in the diffusion juice are to a great extent thrown out and some 
of the extra lime precipitated also. 
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Fia. 16.—Multiple-effect evaporating apparatus. 


The slightly alkaline juice is next passed through filter presses, by 
which the precipitated lime and other solid matters are removed. 
The juice from these filters then passes to a second set of carbonata- 
tion tanks, in which they undergo a treatment similar to that just men- 
tioned, but the quantity of lime added is small as compared with that 
of the first carbonatation. The refiltered juices from the second car- 
bonatation, usually termed the “‘saturation,” are then sent to tanks, 
through which the fumes of burning sulphur or sulphur dioxid are 
passed. This treatment removes more lime and impurities besides 
lightening the color of the juice. From these tanks the juice goes to 
another set of filters, generally composed of bags, and from there to 


storage tanks for the multiple-effect evaporators. 
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The multiple-effect evaporating apparatus (fig. 16) consists of a 
series of pans connected in such a manner as to secure a progressively 
higher vacuum. The thin juices enter the first pan, where they 
may be evaporated, either under slight pressure or in a vacuum. The 
steam with which this evaporation is effected is usually the waste 
coming from the engines and pumps of the factory. 

The vapors generated in the first pan enter the heating pipes of the 
second one, and are thus utilized in evaporating the somewhat concen- 
trated sirup which is drawn off from the first pan into the second one, 
where the vacuum is higher, being represented by a column of mercury 
of from 12 to 15 inches in height. The vapors which are produced in 





Fig. 17.—Vacuum strike pan. 


the second pan are in like manner conveyed to the heating pipes of a 
third apparatus, where the still more concentrated sirups from the 
second pan are conducted and evaporated at the highest vacuum 
obtainable in such apparatus, usually from 26 to 28 inches of mercury. 
Usually a fourth pan is employed, but the arrangement is fully 
illustrated by the above example. It is easy to see by the arrange- 
ment above noted that the evaporation of the thin diffusion juices to 
a heavy sirup is accomplished with the greatest economy, direct steam 
being admitted only into the first pan, and the rest of the operation 
being accomplished by the steam generated in the evaporation of the 
liquors. The thickened juice from the last effect of the multiple 
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evaporator is sent to tanks where it is again treated with lime, 
phosphoric acid, and soda to remove impurities, and also with sulphur 
dioxid to lighten the color. From here it passes to bag filters and then 
into storage tanks. This juice is converted into sugar in the following 
manner: 

A portion of the sirup is placed in an evaporating apparatus called 
the strike pan. This apparatus is very large, usually a cylindrical 
vessel with a conical bottom, and is provided with a series of coils, one 
above the other, to which the steam can be admitted at will. The 
admission of steam is always so regulated that it is not allowed to 
enter any of the coils above the surface of the liquid in the pan. The 
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Fia. 18.—Centrifugal apparatus: a holder for massecuite; b centrifugal basket with fine wire lining 
c¢ molasses trough. 
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portion of sirup first introduced is evaporated until it reaches a point of 
consistency which will permit of the formation of crystals, i. e., super- 
saturation. In this condition, if a portion of fresh sirup be introduced 
the whole mass in the pan becomes charged with exceedingly fine 
crystals of sugar. 

By careful manipulation and the introduction of new quantities of 
sirup from time to time these crystals are made to grow. As the pan 
becomes full successive coils of the steam pipes are brought into use, so 
that the boiling surface of the pan is gradually increased in propor- 
tion to the volume of its contents. In the course of a few hours the 
skilled sugar boiler will find that the pan is full and that the crystals 
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have grown to the proper size. The charge in the vacuum pan at 
this stage is extremely heavy, consisting of a dense mass of sugar 
crystals mixed with a quantity of molasses which varies in amount 
with the purity of the juices from which the sugar is made. This 
product is termed massecuite. The illustration (fig. 17) shows the 
vacuum pan. In boiling sugar ina vacuum pan, if the highest pos- 
sibie yield is desired and no objection arises to the formation of soft 
crystals, a very high vacuum, equivalent to 29 inches of mercury at 
the sea level, is employed. At this vacuum the sirups boil at a tem- 
perature of from 112° to 120° F. If harder crystals, giving a some- 
what less yield are desired, as in the case of making granulated 
sugars, a lower vacuum, namely, from 24 to 26 inches, is employed. 

The massecuite is then dropped directly to the mixer, where it is 
stored for charging the centrifugals below it. 

The construction of the centrifugal apparatus and mixer is shown in 
figure18. The centrifugal basket is suspended and run by the spindle. 
The whole basket is incased in an armor-plate jacket and is lined with 
fine wire gauze. The charge of massecuite is let down into the basket, 
which is revolved by means of the belt at a speed of about 1,200 revo- 
lutions per minute. At this speed the molasses is separated from the 
sugar crystals, being thrown out through the holes of the screen onto 
the outer jacket, where it collects and finally runs through the trough, 
provided for the purpose, to the storage tank. The color of the charge 
is now changed from brown to light yellow. By a sprinkling can or a 
small spray of water the rest of the molasses in the fast running centrif- 
ugal is washed off of the crystals. 

From the centrifugals the sugar passes by belts and conveyers to 
bins for storage. From these it is carefully and slowly fed into a 
heated revolving drum where the sugar is dried and the masses of 
individual crystals are brokenup. Thisis termed granulation. From 
this point the sugar passes to weighing machines where it is barreled 
or sacked for commerce. 

The resulting molasses is still rich in sugar and is brought back to 
the vacuum pan where it is boiled to a massecuite which is placed in 
large double-jacketed tanks having a revolving worm. The double 
jacket is filled with heated water and the massecuite is allowed to stay 
in the tank for a number of days, being mixed by the revolving arm. 
The temperature is allowed to fall slowly and by this means more 
crystals of sugar are formed. When no more of the sugar will crys- 
tallize, the tank or “‘crystallizer” is emptied into another set of cen- 
trifugals and the sugar is spun off. This crop is generally very dark 
in color and washing does not lighten it to a white sugar. It is known 
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as second sugar and is melted in water and boiled up with the juice 
from the evaporator in the vacuum pan to make white sugar. In its 
raw state it is not the same as the yellow sugar of commerce, being 
generally salty and disagreeable in taste. The resultant molasses is 
sometimes boiled for a third crop of sugar, but generally it is sent to 
storage or is used in the osmose or Steffens process for removing more 
sugar from the molasses. 

In the osmose process a stream of heated, diluted molasses is run ina 
suitable press in the opposite direction to a stream of hot water, a 
sheet of parchment paper separating the twostreams. By this means 
a greater portion of the salts passes through the membrane and enters 
the water which flows away. The sirup is made richer, and by boiling 
in the evaporator and in the pan a massecuite is formed that is stored 
in crystallizers, and finally the sugar is spun off. The remaining mo- 
lasses is sometimes reosmosed, but generally it is sold to be mixed 
with pulp or grain for cattle food or is used for alcohol making. 

In the Steffens process the molasses is diluted and cooled to a low 
temperature, which is kept constant while finely powdered fresh lime is 
added slowly. In this way a saccharate of lime is formed which is 
insotuble in the liquid, and by passing the whole material through 
filter presses it is separated. The cake from the presses is diluted 
with water and takes the place of the milk of lime used in the carbona- 
tion. When this process is employed there is no residue molasses; the 
only waste is the strongly alkaline water containing the salts of the 
molasses which have been separated from the saccharate of lime. This 
water is rich in potash salts and could be used as a fertilizer. 

The beet-sugar factories of this country sell only the white granu- 
lated sugar; none of them produce raw sugar and turn it over to the 
refineries to be passed over bone black and made into white sugar, as 
is the custom in Europe. 


COST OF MANUFACTURE. 


The cost of manufacture depends on as many factors as that of beet 
growing. Chief among these are transportation, fuel, weather, and 
labor. Perhaps the most important of these factors is the price of 
fuel. In some localities coal can be had for $1.25 per ton; in others 
the cost may reach as high as $10 per ton. 

The manufacture of beet sugar is conducted without governmental 
supervision in this country, and any exact account of its cost is inac- 
cessible. To show what it may be, when a wide experience and the 
best management are brought to bear upon the work, the mean cost 


of manufacture in 113 German factories is given. 
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Mean capital invested in each factory..........-..-.---------2--eeeeee $193, 400. 00 
Total receipts for sugar, molasses, and pulp per ton of beets............ 11.10 
Mean cost of beets per ton of 2,204.62 pounds..................... $4. 90 
Salaried HeNAON OF DEGIES s.s6 ccs Seetoas Lies asi cewek en idde . 26 
EDOM DOT LOR OF DOCH sino 3s nisiasg <:c's0'5:0 412 Sig /5'sisieie.cielé nial cin cis. Hass de 73 
Interest on investment per ton of beets..............-----2-226- . 36 
AMAA OM ODOR us 2.015 2.5/0; seis ato aie lajainie,a\6 oiese wleibiers:cs5/2.el yarn a-atbiate . 63 
Miscellaneous expenses per ton of beets.................--.--.--- . 96 

Total expense of manufacture per ton..............0seececeeeeeee 7. 84 
rohit per dtOncoL Dees ssi seid caicins dicind plels «kesiatale oslo Sle als sla leeis ea eeeiele 3. 26 


The mean net profit for each factory was $34,240. The price paid 
for beets, however, is in most cases fictitious, the beet growers owning 
the factory and preferring to share in the general profits rather than to 
charge a high price for the beets. First-class beets rarely sell for less 
than $5 per ton. The Western Beet Sugar Company, of Watsonville, 
Cal., stated that in its first campaign, 1888-89, the cost of manufac- 
ture amounted to $80.80 per ton of sugar. At the present time it 
appears that with the best machinery, rich beets, and most economical 
processes beet sugar can be made in this country at a cost of less than 
4 cents per pound, even when the price of rich beets exceeds $5 a ton. 


COST AND CAPACITY OF FACTORIES. 


The cost of building a first-class beet-sugar factory is much greater 
than is commonly supposed. Roughly speaking, for every ton of 
daily capacity, the plant costs $1,000; that is, a 500-ton plant would 
cost $500,000 and a 1,000-ton factory would cost $1,000,000. It has 
been demonstrated in the United States that a beet-sugar mill, in 
order to work economically, must have a capacity to work 500 tons of 
beets daily, and that one having a capacity of much more than 1,200 
or 1,500 tons a day is unwieldy. The largest factory in the United 
States can handle 3,000 tons a day. In Germany there are a few 
small factories of 200 and 300 tons capacity, but the tendency of late 
has been to increase the size. In the early days of the beet-sugar 
industry in this country, Europe was called on to furnish all machin- 
ery. Now, very little is imported, and, in fact, some of the foreign 
factories are using American-made machinery. 


COOPERATIVE FACTORIES. 


It is seen from the foregoing paragraph that the farmer can have no 
reasonable hope of successfully establishing a home beet-sugar factory. 
It is not just, however, that he should be deprived of any cooperation 
in the process of manufacture or a reasonable share of the profits aris- 
ing therefrom. The methods which have been practiced in Europe 
for securing these results may eventually come into use in this coun- 
try. The cooperative sugar factory, in which the farmers growing the 
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beets hold a part or a majority of the stock, realizes the desired end. 
The growers of beets holding shares in the factory have a greater inter- 
est in its prosperity and try to grow better crops and to secure in every 
way a higher yield. The cooperative factory renders impossible those 
disagreements between factory and agriculture which do so much to 
retard the progress of the industry and to embitter the farmers against 
the factory. To show the extent of the participation of shareholders 
in factories in the growing of beets in Germany, it may be stated that 
of the 11,672,816 metric tons of beets delivered to the German facto- 
ries in 1895-96, 2,689,004 tons were grown by shareholders. As long 
as the proprietors of the factory and the farmers growing the beets 
are satisfied with the contracts which they make, there is no urgent 
necessity for the establishment of cooperative enterprises. When the 
number of beet-sugar factories in this country, however, begins to 
reach the hundreds, favorable opportunities for cooperative establish- 
ments will be presented. 


USES OF BY-PRODUCTS. 


The by-products from beet culture on the farm are the tops and 
leaves, which are commonly used for feeding cattle. Some farmers, 
however, turn them under as a fertilizer. When used as a feed, the 
beet tops can be eaten by the cattle on the field where they have been 
grown. If they are fed in stalls, the manure should be returned to 
the field. 

The by-products of the factory consist of pulp, lime cake, and mo- 
lasses. The pulp is a valuable cattle food and the farmer should con- 
tract with the sugar company to obtain his share of it. It can be 
stored in siloes, if well drained, and be fed fresh or in a fermented 
condition. The value of the pulp for feeding purposes is variously 
estimated at from one-fifth to one-third the value of the beets. Its 
sugar content is not sufficient to make it of any value as a source for 
alcohol manufacture. Lime cake in most factories is washed out 
with water to the sewer. In others it is wheeled out and dumped in 
piles and can be used on some lands as a fertilizer, though for this 
purpose the demand for it is limited. Lately it has been used in 
cement making. Molasses has a value as a cattle food, but it must 
not be fed very heavily or scouring of the cattle will result. The best 
practice is to sprinkle it on the hay, alfalfa, or roughage. Some fac- 
tories mix the molasses with the pulp and dry the whole, either press- 
ing it into bricks or selling it loose. With the increased installation 
of the Steffens process of desugarizing molasses, there is not so much 
molasses resulting from beet-sugar manufacture as was obtained a 
few years ago. In an economical plant all molasses should go through 
this process and only that produced at the end of the season be saved. 
It is a question whether the introduction of denatured alcohol into the 
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arts, as well as for fuel and light, will not tend to reduce the number of 
Steffens plants and result in the sale of the molasses for distillation. 
Beet molasses contains about 50 per cent of sugars capable of fer- 
mentation. One gallon weighing about 12 pounds contains approxi- 
mately 6 pounds of sugar, which will produce about 3 pints of 95 per 
cent alcohol. In other words, for every 24 gallons of molasses 1 
gallon of alcohol can be made. 


STATISTICS OF PRODUCTION AND CONSUMPTION OF SUGAR. 


In the data giving the production and consumption of sugar the 
unit of value commonly employed is the ton. By reason cf the fact 
that the ton in this country expresses a unit of varying magnitude a 
considerable degree of confusion is often introduced into statistical 
tables. In the following tables the kind of ton used is specified in each 
case. The long ton, which is often used in compiling sugar statistics, 
contains 2,240 pounds. The short ton, namely, 2,000 pounds, is a 
more convenient unit of expression, and is largely used in the publica- 
tion of sugar statistical data in this country. The metric ton, which 
is used on the continent of Europe, is a weight of 1,000 kilograms, 
equivalent to 2,204.62 pounds. 


BEET-SUGAR PLANTS IN THE UNITED STATES.2 


The following table gives a complete list of beet-sugar plants in the 
United States, arranged by States, showing the official names of the 
manufacturing companies and the locations of the factories. It also 
shows the daily slicing capacity, expressed in tons of beets, for each 
factory, the combined daily slicing capacity of the factories in each 
State, and the aggregate capacity of all the factories in the United 
States. 

Beet-sugar companies and factories of the United States. 



























| Number | Daily slicine 
Manufacturing companies. Factory locations. of facto- ny Sees 
ries. capacity. 
Arizona: Tons of beets. 
Southwestern Sugar and Land Co., main office, | Glendale.............. 1 800 
Phoenix. | a a 
California: 
EE dc vackenbdeentesdcabasasenabe 800 
Los Alamitos Sugar Co aa 799 
Spreckels Sugar Co........... Spreckels oils 3,000 
SRIRIE ONS oe. oon pec aneien bee exacenate Betteravia............ onetetee 1,900 
American Beet Sugar Co., main office, 32 Nassau Chino on) 
street, New York; Pacific coast office, 16 Cali- Meee Gitte teach) 2.909 
fornia street, San Francisco. . ee eR oe = 
acti . oot : 7 in IONS «52 oslo waa a ulenscouware 49) 
Pacific Sugar Corporation, main office, Corcoran, Cal. mea Rost ras base. 600 
Sacramento Valley Sugar Co....................--- PIQUA CNET 6 aos cdhecc no cccoe 700 
Southern California Sugar Co................-....-- DRE NG oniwccvecvchveccineses 600 
NS sicivlg aces deusiansca sss secs ones yeas eedeasetiiass diese cReseNeoneseawe 10 10,700 
Colorado: 
American Beet Sugar Co., 1530 Sixteenth street, pane Ford...-..----|--+-+++0++ _— 
Denver, Colo. ae wich ogi a acer Na ol ace doke de a 
Oe A i tase ctcsstste ces 700 





«The American Sugar Industry and Beet Sugar Gazette, May, 1910. 
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é Beet-sugar companies and factories of the United States—Continued. 


| , 
| Number . saris 
| Daily slicing 


Manufacturing companies. | Factory locations. 

































of facto- canacil 
| i apacity. 
Colorado—Continued. la Tons of beets. 
1 hc ais ancten a aN d pale 600 
BIGUY BAGH Css is .c cnc scagecacctwossagss tecsessnecs Swink eae Ag hipewe = Soe | 1.200 
» National Sugar Manufacturing Co..............-.-.} UN CIE F oc cccnccoscsfearsscenies 500 
MAR 5, sh ws Gdwanee aioe « |-oeeceeeee 600 
; || Greeley .... Das cedkstnane Anas 600 
wy i PEP ARUOINN OS 8S. <5 0:55 oe aso n uae 1,200 
4 e ‘ ” - fs ‘ i|New Windsor....... co See eee 0 
The Great Western Sugar Co., general offices, | eae | 1 oa 
Sugar Building, Denver, Colo. itwart Goltins eee 1/200 
CRIES 55a oc ocicnulebeeacasaaats 600 
WN as sists caGasaeasabeame otaee 600 
| 600 
The Western Sugar and Land Co 600 
a caine teva hcane Senkuseeuwneen Ser eee ee Buss cedpeeae pheno 16 | 12, 200 
Idaho: Idaho Falls........... Fete | 1, 200 
Utah-Idaho Sugar Co., main office, Salt Lake City, |)Sugar.................|.--------- 1, 200 
Utah. TINS cdc cacrekutclisetsrses 600 
IRM coo sl acc esa eociscomeesaae 750 
POUR c cvcscdesidcwans ceca scbuadneetoanesededes tune samaatsan sue aererey awed 4} 3,750 
Tilinois: a =e 
Chas: Poe, Chicato, Ws os 65 icc. sce ccccumgdawso<s se | Miverdale...........<. | 1 350 
Iowa: | | 
Od ais oi tino cccsweancddedecunewanaerass NOSE R a. se. c 58d; 1 | 500 
Kansas: 
United States Sugar and Land Co.................- Garden City.......... | 1 | 850 
Michigan: Bay City 600 
Es did dose acennscatidaes genes 1,200 
1 Michigan Sugar Co., general offices, Saginaw, Mich.| AIMB «2222-20 2nenee|noeeeernns 70 
Soe Ee 98 Br BES ’ "TOMNWOUUNN Foo wc acinccnce Raeeaeces sets | 800 
Sebewaing | | 600 
RORWONGS s5ccacsdawdecdocaatenexn | 600 
West Bay City Sugar Co Bay City, West Side. .|.......... | 600 
HiGUANG BUGEE CO. «0. ccc cccisesses FRG s  doaueccesssboxacaescan 350 
os ieee Miea ls ‘ an “Se ety ee + PGR cc cucuncexssces Peace 1,200 
Owosso Sugar Co., main office, Bay City, Mich..... ee Leth oo tf ee 600 
German-American Sugar Co...............-..------ Bay City, Station A...|.......... 650 
Or URC POOP Ce ong 65 oo coc ncccaccendeucesmen MERE MNOS 6 o oe acravicloavessucen 600 
Menominee River Sugar Co................--------- DMA 2 oon tS awe se { 1,200 
oO EEE Coo oes ent ostcopsieatcevssasees PR SI cree oeme cae Fo rracietanceas 600 
The Continental Sugar Co., main office, Cleveland, | Blissfield.............|..---.---- 600 
Ohio. | 
Woeat Miciiedts Start C0. 5 ....c.ccccescccscccssecscwew  CHAWVOEE. 5.22... J. )ecceevoncs 600 
FOR. 46055 $i ciuceeeluliucadetedar eke ae cy aceeewanee |eveeeeeeeereeeeee ceeeee 16 11, 550 
Minnesota: | ha 
Cr CORy BOE Coo vice ces aguspasvemsesceude i OIDs as we orien xian | 1 600 
Montana: | | 
The Great Western Sugar Co...........2....ceceee- ee ee ee | 1 | , 200 
Nebraska: | | 
Apnericnn Batt Bugad CO. occ ccccccsevcssaccsevecass ' Grand Island......... LG 350 
New York: ; | | 
Lyons Beet Sugar Refining Co....................- BO ARP ORR EEE 1 | 600 
Ohio: | 
Continental Sugar Co., main office, Cleveland, Ohio.| Fremont............-. 1 | 400 
Oregon: | | 
Amopleamated Guges CO ooo 'o5 565. os cacea cass <ncsobns | Ee Grams... <<sccces 1 | 499 
’ alls ° | ——>$| ———— 
Utah: (PR cacebsekaceads Pegadonsess | 609 
Amalgamated Sugar Co., office, Ogden, Utah.....-. WWE 66 ca Sod c eee | 400 
Lewiston | 600 
Utah-Idaho Sugar Co., main office, Salt Lake City, |{Lehie................- } 1,200 
Utah. Garland 1,200 
Banco 
TOS ee cee ccs he eenecandestustnerseeccuneaaae Pe ccdewseiasaee <ebaes | 5 | 4,000 
Washington: _ | ee eee ——— 
~ Washington State Sugar Co., main office, Spokane, WPOROENirtdestecesuxs 1 | 500 
Wash. | |- =| a 
Wisconsin: — | 
Wisconsin Sugar Co., main office, Milwaukee, Wis.| Menomonee Falls... .. Rts fotos | 500 
Chippewa Sugar Co., main office, Milwaukee, Wis..| Chippewa Falls....... Oe sani enon ace | 600 
OSE CORRES BUERE CO. oo cic. scsinsc seetunwwedewoti UMM TS oo. ic celvccrenslans | 600 
& United Sietes Buaes C6... oo on ds Soca cece cndoeue | Madison.............. TEES. | 600 
WU os So ewncnds coe onda tees Ls cntcat dae entail 4 | 2, 300 
ee : 
Grand total.....iccse-sses scat lath nha annie staaeacce a a pil 66 51,050 
52 @ Slicing stations at Springville, Spanish Fork, and Provo. 
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BEET-SUGAR PRODUCTION IN THE UNITED STATES, 1830-1909. 


The following table shows the production of beet sugar in the 
United States from the beginning of the industry to the close of the 
season of 1909. The data for 1897 and for 1901-1909 are from reports 
published by the United States Department of Agriculture on Prog- 
ress of the Beet-Sugar Industry in the United States. Figures for 
other years are from Willett & Gray. (See Yearbook, U.S. Depart- 
ment of Agriculture, 1909, pp. 543, 544.) 


Beet sugar produced in the United States, 1830-1909. 4 


ee ies cota0--~. Astow bumdred pout |) TROT. 5:0 aos. <ioiaininin ce cceetienes 5, 356 tons 
RAIEANS hoi ooh ct se sew se sede Niaihes!) ISO2 8 2 ccc cs ecatedy 12, 018 tons 
RS viccnancancesasssne: Agee DEMME. ved wits clvacnkh scans 19, 950 tons 
PRU ce eee cae NGNG PMLA ic. 32 Sete witch see 20, 092 tons 
1863-1871... .° 300 to 500 tons per annum | 1895.....................-- 29, 220 tons 
DRE erie testicle aw 5 3 HOO MONE! WBOG. oe cca scwrcse cs octincss 37, 536 tons 
Ot iiss rina a cassie uses Pier OORG PRONG soe 2 cetera 2 Sk ER Se 40, 398 tons 
1874-1877... Under 100 tons per annum | LS occ rain sie tie Sistenns hate 32, 471 tons 
BAR Ses Sa a aca See iS beer ZO tOns | TBO ss... o's aiteteae S Gaincawe ae 72, 944 tons 
OL A ee errr Ne NS | DOs. © ao SSS Sein dashes oan 76, 859 tons 
See a a BOG dons | TOOL... ccc seesdecccosat 164, 827 tons 
8 eer Less than 500 tons | 1902..............-.-2---- 194, 782 tons 
oe bec esses se ale ssa siet MOORE 1 AMO .o: combs a dene damagemss 214, 825 tons 
Bg DIAS s enc Ba ea eeed OESiONG: |i AGT. - 6s ecinaie Hate ee 216, 173 tons 
BUR gS 8 csi ns as sags ees ens CAIN NIOD i558 oy winie cind ease eure 279, 393 tons 
MO aioe cece se wncetooa cass SNE 0 IR co nce cn gs sccrencnennas 431,796 tons 
BT Ss ioe cae 0.o.4d she ninie pice nc chs OMOMED | COMIN oc c'cisiownis oe weeelo meee 413, 954 tons 
BMS ais soften cece Send ooeste os LSE AN PEOUOS) ooo too skew okt ness ar 380, 254 tons 
PBs aidie o rolec baie Felons ates sh Bee OUR MANGO 5.5252 SES See tates = 457, 562 tons 
UR ta eases parti eyeblink ici 3, 459 tons 


4 In long tons of 2,240 pounds. 


PRODUCTION OF SUGAR BEETS AND OF BEET SUGAR IN THE 
UNITED STATES, 1901-1909. 
The following statements are taken from Report No. 92, Progress 
of the Beet-Sugar Industry in the United States in 1909: 
The acreage planted to sugar beets in the United States in 1908, 
together with the percentage abandoned owing to unfavorable weather 
conditions, mistakes of growers, or other causes, is shown in the fol- 


lowing table: 
Acres planted to beets in 1909. 











So een a pigs oa ) 

Sie } | Aban- . Aban- 

State. Planted. | doned. State. | Planted. | donod. 

ee, ase4 cioceaielaiatn senegal tae celias 
| Acres. | Per cent. | Acres. | Per cent. 
CNR Sion os scewcbcstacsd 93, 267 50- Wenede 0 eee | 15,000 | 
MIND so 5.0 ci ton 's's aw eiciewe sus 136, 882 | 11.0 || Ten other States.............. 50,970 | 16.4 
ava swlidtealdstaeSwites sss 16,086 | 4.1 | —— 
es cc chines eect a terawce 120, 175 6.6 The United States... ... 464, 675 9.6 
ice oradeaniak aces: 32, 295 | 3.1 | 
| | 
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Comparison with the acreage harvested shows that over 44,400 
acres, or 9.6 per cent of the acreage planted, were abandoned. Com- 
parison with the figures for the preceding year shows that the acreage 
planted exceeds that for 1908 by 43,300 acres, while the acreage 
harvested is about 55,349 more, the acreage abandoned in 1908 being 
13.4 per cent. The large increase of harvested acreage occurred 
mainly in the States of California and Michigan, each increasing 32 
per cent, while Colorado and Utah remained about the same and 
Idaho showed a decrease of 26 per cent. 

General factory and farm results. 


BY STATES, FOR 1909. 















































| | | 
| | | Average 7 
| Fac. | | A verage | extrac- | Aver- | —— Aver- 
tories | . oe anr.| tionof | age. | age 
s 5 Area har-| yield of Beets | Sugar man- purity ah 
State and year. ar vested. beets worked. | ufactured. | enae ca wy coeffi- ' perpen 
“ell | per acre. | oes | . | cient of| — 
tion. j. ~~ beets. | peets.a| Paign- 
Se ee | lie a F | —— | 
| | | 
| Acres. | Tons.b Tons.b | Pounds. Per cent. | P.cent.| P.cent.| Days. 
California....... 10 83,000 | 10.63 | 882,084 | 254,544,000 14. 43 17.61 | 83. 62 | 102 
Colorado........ 16 121, 698 | 10. 33 | 1,256,771 | 298, 810,000 11. 89 14. 24 80. 51 85 
| eee 3 15, 434 | 10.60 | 163,557 39, 988, 000 | 12.22} 15.98 | 86.17 83 
Michigan....... 16 112, 232 7.31 819, 923 212, 106, 000 12.93 | 17.00 | 86. 21 74 
Sa 5 31, 293 14.54 | 455,064 | 97,768,000 | 10.74 | 15.04 | 84.22 128 
Wisconsin....-.. 4 14, 000 | 10.21 | 143,000 | 34,340,000 12.01} 15.88 85.17 63 
States having | | | | | | | 
but a single | 
factory each:c | | | | 
Arizona.... | | 
Illinois. .... | | | | 
T6968 s.252-- | 
Kansas..... | | | \ 
Minnesota. . | | 
Montana... ll 42, 605 8.47 | 360,983 | 87,382,000 12.10 | 15.09} 83.21 61 
Nebraska. . . | | | | 
New York.. | | 
Oni. a553 | | 
Oregon..... | | } 
Washington! | 
Totals and | | | | 
averages 4 |_| 65 420, 262 9.71 | 4,081, 382 |1,024,938,000 12. 56 16.10 | 84.11 83 
| | | 
TOTALS AND AVERAGES, BY YEARS, 1901-1908.4 
62 364, 913 9.36 | 3,414,891 851, 768, 000 | 12. 47 15. 74 83.5 74 
63 370, 984 10.16 | 3,767,871 | 927, 256, 430 | 12. 30 15.8 83.6 | 89 
63 376, 074 11. 26 | 4, 236, 112 | 967, 224,000 | 11, 42 14.9 2. 2 | 105 
52 307, 364 8. 67 | 2,665,913 | 625,841, 228 | 11.74} 15.3 83.0 | 77 
48 197, 784 10. 47 | 2,071,539 | 484, 226, 430 11.69 | 15.3 83. 1 78 
49 242, 576 8.56 | 2,076, 494 | 481, 209, 087 11.59 | ¢ 15.1 h.. 75 
41 | 9 216, 400 8.76 | 1,895,812 | 436,811, 685 | 11.52 | ¢ 14.6 € 83.3 94 
36 175, 083 9.63 | 1,685,689 | 369, 211,733 | 10. 95 14.8 82. 2 | &8 
Averages, | | | 
1901-1908.|....... 281, 397 9.70 | 2,726,790 | 642, 943, 574 | 11.76 | 15.2 83.1 85 
| 











a By purity coefficient is meant the percentage of sugar in the total solids of the substance tested, whether 
it be beets, juice, or sugar. In this table it represents the average percentage of sugar in the total solids of 
the juice of the be=.s as determined by tests made at the factories. 

b Tons of 2,000 pounds each. 

¢ Grouped together to avoid giving publicity to data relating to individual factories. 

d The average yield of beets per acre is found by dividing the total beets worked by the total acreage 
harvested; the average extraction of sugar by dividing the total sugar produced by the total beets worked; 
the average content of sugar, coefficients of purit¥, and length of campaign by adding the figures reported 
by the different factories and dividing by the number of reporting factories. 

e These averages are not based on data for all the factories, as some of them failed to report results of 
tests, but it is believed that they fairly represent the character of the total beet crops. 

/ No data reported. 

g Based on reports from 27 factories and careful estimates for 14 others. 
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CONSUMPTION OF SUGAR IN THE UNITED STATES. 


The following table shows the quantities of imported sugar (both 
cane and beet) consumed in this country during the past three 
years, the quantity of domestic cane, beet, and maple sugars, and 
the quantities of sugar made in this country from imported molasses. 
Of the total quantity consumed in 1909, nearly 74 per cent was 
imported from either foreign countries or the insular possessions of 
the United States, while less than 134 per cent was domestic beet 
sugar. The total annual consumption has reached 34 million tons 
of 2,240 pounds. 


Consumption of sugar in the United States, 1907-1909. 


[According to Willett & Gray, January 6, 1910.] 




















Kind and origin. 1907. | 1908. 1909. 
| Tons.a | Tons. | Tons.a 
Cane and beet sugar from foreign countries and insular possessions....' 2, 337, 35% 2,284,791 2,393, 564 
Cite sent, Lomisiann ond TUG q.. «isin dkccdsestedeadnes éccctncnas 264, 968 | 390, 888 409, 960 
Beet sugar, United States. .........-..-...- 375, 410 | 493, 200 | 434,000 
Maple sugar 10, 000 | 11,000 11,000 
Molasses sugar, made in United States from foreign molasses........ 6, 249 | 5,910 | 9, 136 
Petar GomMegiin WURAN < coca «sande ta leoedeunns ow aeavseonde 656,627 | 900,998 | 864, 096 
Total consumption of all sugars. .................---e2eeeeeeee 2, 993, 979 | 3, 185, 789 | 3, 257, 660 


a Tons of 2,240 pounds. 


The total annual consumption of sugar in the United States, the 
percentage of increase or decrease year after year, and the per capita 


consumption for the years 1884-1909 are shown in the table which: 


follows. The total consumption has increased over 160 per cent, 
while the per capita consumption has increased more than 60 per 
cent since 1884. 

Consumption of sugar in the United States for twenty-four years, 1884-1909. 


{According to Willett & Gray, January 6, 1910.] 




















| 

Total Increase Con- Total Increase | Con- 

Vous | amount (+) or sump- || Year amount (+) or sump- 

aah | sugar con- | decrease | tion per |} at sugar con- | decrease | tion per 

| sumed. (—).a capita. | sumed. (—).@ capita. 
Ls ——} | a |__| se ree |: Ss 
| Tons.» | Percent. | Pounds. | Tons.b Per cent. | Pounds. 
ee Ae + 7.01 51.00 Pte ce cheeks 2,070, 978 +6.75 63. 50 
BR oc Cause wens | 1,254, 116 + 0.14 49.95 \| I catstrumnechnil 2,002, 902 —3. 29 60. 30 
Sree 1,355, 809 + 8.11 ee eee 2,078, 068 +3. 75 | 61.00 
BE x ectOureas | 1,392,909 + 2.74 SHAY 90008. . ond. 2,219, 847 +6. 83 66. 60 
oe Ore | 1,457, 264 + 4.62 Ee i POOL. oo. as noe 2,372, 316 +6. 87 69. 70 
1, 439, 701 — 1.21 52. 64 Me tecucetwede 2, 566, 108 +8.17 72. 80 
1,522,731 + 5.77 OE BT IGOS <n scien nnnes 2,549, 642 —0. 64 70. 90 
1,872, 400 +22. 96 67.46 || 1904........ ----| 2,767, 162 +8. 53 75. 30 
1, 853, 370 — 1.02 63. 76 | Mines pnecrasne 2, 632, 216 —4. 88 70. 50 
1,905, 862 + 2.83 RA BOND foc cp con cons 2,864, 013 +8. 81 76. 10 
Peiesrccuvie- | 2,012,714 | + 5.55 re Hl ME oe socbe-nabes 2,993, 979 +4. 54 77. 54 
iy whee ok ha | 1,949,744 | — 3.13 eros 008. 3, 185, 789 +6. 40 81.17 
Pe iees es | 1,940,086 — 0.49 60. 90 | WO org nee ce aed 3, 257, 660 +2. 25 81. 8 





%, 
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Although in recent years the beet-sugar industry has made great 
strides in the United States, and there has been some growth of the 
cane-sugar industry, the increase in production has not by any means 
kept pace with the increase in consumption. In fact, much more 
foreign sugar is consumed now than was the case ten-years ago. In 
1899 our total consumption of sugar was 2,078,068 long tons; in 
1909 it was 3,257,660 tons, an increase in ten years of 1,179,592 tons. 
During the same period the increase in domestic production has been 
only about 385,000 tons. 


SUGAR IMPORTED FOR CONSUMPTION. 


The next table shows the character of the sugar imported for 
consumption, and its origin. In 1909 over 91 per cent of the sugar 
imported came from Hawaii, Porto Rico, the Philippines, and Cuba 
under tariff congessions, while only about 9 per cent came from 
other countries paying full duty. The imports from both Porto 
Rico and Cuba are steadily increasing, Cuba alone furnishing nearly 
60 per cent of the foreign sugar consumed in the United States in 
1909, and about 44 per cent of the total sugar consumed. It will 
be noticed that nearly all the imported sugar consumed in the United 
States is made from cane; in 1907 less than 1 per cent was from 
beets, in 1908 less than 7 per cent, and in 1909 less than 0.03 per 
cent. In fact, if the beet sugar made in the United States be in- 
cluded, it appears that only about 13 per cent of the sugar consumed 
in this country in 1909 was made from beets. 


Consumption of imported sugar, 1907-1909. 


[According to Willett & Gray, January 6, 1910.] 











Kind and origin. 1907. 1908. | 1909. 

| | . 
—— ‘ 5 Se Thay sess 

Imports on which tariff concession is allowed: | Tons. | Tons.a | Tons. 
Wyant FISWAiL, COMG SUBSE. 6.5 cae coc cc ccksacdagsccenckduacaaces 418, 102 453, 250 | 483, 671 
PrGus Poche Tee, Ce BGR Ss ao 5 5 on coe dis coweccanawdanewae j 212, 853 185, 085 235, 117 
Proan FRIR GOING, COME SUB. ooo ona ce cicesecsccccsecsuccoceses 10, 700 45, 089 46, 804 
From Capa, Cone Sugar... ines cmesscceccets Geteas cas oe hdknaees | 1,340, 400 | 916, 742 1, 427, 531 
OE sous ck crusade denacweascdeeiad tab sndavsecaseaaeneaedl 1,982,055 | 1,600,166 2,193, 123 


———_——— -&——— | 





Imports on which full duty is assessed: | 
Foreign sugar 









MN CONG. Fa vcdaes nccudiaddsck cae Oe ae wks ene ae ed 347, 509 | 543, 518 199, 675 
Raw beet... sal 6, 780 | 1G, OOS. | iccsciacacs 
Refined beet... at 949 | 1, 687 | 643 
Telnet canees 2... \-s sien oes oe ARE cou aoe ae 59 | 57 | 123 

ORI he ae oh aéon tains enna dbase ead | 355,297 | 684,625 | 200, 441 








@ Tons of 2,240 pounds. 
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THE WORLD’S SUGAR CROP. 


The following table was prepared in the Bureau of Statistics, U. S. 
Department of Agriculture, and published in the Yearbook of the 
Department of Agriculture for 1909: 


Sugar production of countries named, 1905-6 to 1909-10. 


[European beet sugar, as estimated by Licht; United States beet sugar, from reports of Department of 
Agriculture on the Progress of the Beet-Sugar Industry in the United States; production of British 
India, except 1909-10, from official statistics; other data, from Willett & Gray. The estimates of Wil- 
lett & Gray do not include the production of China and some other less important sugar-producing 


countries.] 
















































































Country. 1905-6. | 1906-7. 1907-8. | 1908-9. | 1909-10. 
| sl | hd Ps 
CANE SUGAR. | 
NORTH AMERICA. 
United States: | | 
Contiguous— Tons.a Tons.a Tons.a | Tons.a Tons. 
LOUISIANA... .2.-ccscces 336, 752 230, 000 340, 000 | 355, 000 325, 000 
MM. iss bb icletasinte ae 12, 000 13, 000 12,000 15, 000 10, 000 
Noncontiguous . ; | | 
PERM RG? i cca tbh... Gages 383, 225 392, 871 465, 288 | 477,817 490, 000 
POLLO TRICO «6. ooo cae cccee 213, 000 210, 000 200, 000 245, 000 280, 000 
Total United States (ex- | 
cept Philippine Islands). 944, 977 845,871 1, 017, 288 1, 092, 817 1, 105, 000 
Central America: Fee * fi 7 | 
CE RON IN oie wiped ania waninwene 1,377 2,365 2,415 2,500 | 2,500 
GORSAIS o.oo. n cc istewesd 6, 795 7,469 7,178 7,500 | 7,500 
PNR So sacnidysacoussnics 4, 400 3, 905 4,175 4,500 | 4,500 
BeOS oc 25s.9 sche 5, 944 6, 008 5,490 6, 500 | 6, 500 
PN acs cnicescccccuecsesss sah 107,529 119, 496 123, 285 125, 000 | 130, 000 
West Indies: 
British— ; | 
Antigua and St. Kitts... 24, 000 28,319 20, 000 24,000 25, 000 
a eye 49, 864 32, 950 31, 852 13, 128 | 40, 000 
> eee a ree 12,523 13,971 10,718 | 11, 453 12, 000 
TUMMNOE Cac cscsscccscene 56, 455 45, 631 41, 626 44,512 | 45, 000 
J ORE Sig ie es eee ee 1,178,749 1, 427, 673 961, 958 1,513, 582 | 1, 700, 000 
Danish—St. Croix..........- 13, 000 13, 000 13, 000 14, 000 | 15, 000 
French— 
Guadeloupe. ...........- 36, 000 38, 960 37, 500 25,211 | 43, 000 
Martinique >...........- 42, 231 36, 764 35, 943 37,757 40, 000 
Haiti and Santo Domingo... 55, 090 60, 000 60, 000 , 000 | 90, 000 
OE iL oseoahstalvenansaees 13, 000 5, 662 5,000 6, 000 6, 000 
TOA 35s Dicencckeincas dex oe 2,551, 934 2, 688, 044 2,377, 428 | 3, 008, 460 3, 272, 000 
SOUTH AMERICA. ' | —" 
PM fittcnncls srvceweecs eens 137, 308 116, 287 | 109, 445 | 162, 479 125, 000 
RE TIE Ts i6 wissen cic eet dawaeww hams aca 275, 000 215, 000 180, 000 248, 000 276, 000 
British Guiana > 121, 693 120, 334 99,737 117,176 115, 000 
Dutch Guiana..... ea 13, 000 13,000 | 13, 000 14, 000 15, 000 
Se a Oe ois 150, 000 161, 156 | 135, 336 150, 000 | 150, 000 
WEEE | oan Cee ei esccennctanees 3, 000 3,000 | 3, 000 3,000 | 3, 000 
Motel: 5.225 255 .05..29e 700, 001 | 628,777 | 540,518 | 694, 655 684, 000 
EUROPE. eal} re = =a ae 
Spain...... Raises Speees eye eccare 15,722 16, 400 | 11, 000 20, 000 | 16, 000 
ASIA. Se a ee ee ae ea 
| | 
etiam Tndia'es) sis... 086.08 1,725, 500 | 2, 205, 300 | 2, 046, 900 | 1, 841, 800 1, 800, 000 
Formosa 64, 190 | 81, 448 68, 450 120, 000 130, 000 
MRSS aarncnds Doce Naansacananaed 990, 994 1,011, 546 1, 156, 477 1, 241, 885 1, 185, 000 
Philippine Islands @ 145, 525 145, 500 150, 000 150, 000 145, 000 
ik bai 2,926,209 | 3,443,794 | 3,421,827 | 3,353,685 | __3, 260, 000 
AFRICA. a Pe Sp 5; = ‘ 
UNWIN atprek aaah te Seeeaens Soc 65, 000 42,195 55, 648 55, 000 55, 000 
MRMUMIE CSS nla Sc Salcabeh scene xe 188, 364 220, 000 170, 000 195, 000 230, 000 
MUR « vicic cos dsr xedewaseticsnee si 26, 603 27, 130 24, 222 31, 992 65, 000 
eee ee 38, 000 37,500 35, 000 37,000 | 45, 000 
WOR wi cncd peewee eecate e 317,967 326, 825 284, 870 318, 992 395, 000 








: a of 2,240 pounds, except beet sugar in Europe, which is shown in metric tons of 2,204.622 pounds. 
xports. 

c Official estimates for such parts of British India as return statistics of production. ; 

@ After 1907-8, exports. 
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Sugar production of countries named, 1905-6 to 1909-10—Continued. 
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Country. 1905-6. | 1906-7. 1907-8. | 1908-9. | 1909-10 
ai pee toe 
} 
OCEANIA, | 
Australia: Tons. Tons. Tons. Tons. | Tons. 
Queensland. ..........----+- 170, 000 182, 000 188, 307 151, 098 | 133, 578 
New South Wales 20, 000 24, 000 23, 418 15, 000 | 14, 750 
Wi aes oe ee rt tn a oe 40, 000 43, 000 69, 000 65, 000 | 69; 000 
SU on savior cola tonnnsonis 230, 000 249,000 | 280, 725 | 231, 098 | 217, 328 
rs a aoe 
Grand total, cane sugar.... 6, 741, 833 7,352,840 | 6,916, 368 7, 626, 890 | 7, 844, 328 
BEET SUGAR. 
NORTH AMERICA, | | 
United States. ........ mbeecnion 279, 393 | 431,796 | 413, 95% | 380, 254 | 457, 562 
Ganda 82-62 Sosa ccace 11,419 11, 367 7,943 6, 964 | 8, 802 
ROME coe e ose 290, 812 | 443, 163 421,897 387, 218 466, 364 
EUROPE. | ari, eee 
| | 
Austria-Hungary............---- 1,509, 789 1,343,940 | 1,424,657 | 1,398,000} —1, 260, 000 
PRMEMAM SW cas Sey dasgeestadas ere | 328,770 282, 804 232, 352 | 258, 000 | 250, 000 
WYAROR S: 525 cere sceeccensessc lene 756, 094 | 727,712 | 802, 000 825, 000 
Geailiarig 2-2. secre 2,418,156 | 2,239,179 | 2,129,597 | 2,080,000, +2, 040, 000 
Netherlands... -| 207, 189 | 181,417 | 175, 184 214, 000 200, 000 
RS coed cede ee 968,500} 1,440,130 | 1,410, 000 1,265,000} 1, 150,000 
Other countries............-----| 410, 255 | 467, 244 | 462, 772 500, 000 | 460, 000 
WObGh uc ees oeoe se | 6,932,343 | 6,710,808 | 6,562,274 | 6,517,000 6, 185, 000 
Grand total, beet sugar....| 7,223,155 | 7,153,971 | 6,984,171 | 6,904,218 | ___ 6, 651, 364 
Grand total, cane and beet | 5 
sugar..............------| 13,964,988 | 14,506,811 | 13, 900,539 | 14, 531, 108 | 14, 495, 692 
ae — ' men — —= 
a Exports. 


THE BEET-SUGAR INDUSTRY OF EUROPE. 


The following table shows the enormous proportions to which the 


beet-sugar industry has developed throughout central Europe and 
especially in Germany, Austria, and Russia. The figures for 1909 
for the United States have been included for sake of comparison. 


Number of factories, yield of beets per acre, and yield of sugar in the principal beet-sugar 
countries of Europe in 1908-9. 


[F. O. Licht, Report, March 18, 1910.] 





| United 











| | | 
‘ | Ger- Aus- : Bel- Hol- Swe- | Den- 

Data. | many. | tria. |rance.| Russia. | sium. | land. | den. | mark. | States. 

b, me ; 
Acres in beets........... ne 000 /816,000 |528,000 |1, 371,000 ae , 200 /119, 800 | 77,000 | 37,500 | 420, 262 
Average tons to acre..... 10. 99 9.75 | 10.91 6.14 2.00; 11.29] 11. 10 10 | 11.98 | 9.71 
Number of factories......| 358 204 251 277 81 | 27 65 

Yield of sugar: | i, 

Per 100 beets (per 3| 
WOE eects da's seen 17.63 17. 52 13. 35 14. 97 as 14 ‘| 15. 67 a 14. 98 12. 56 
Per acre (pounds). . -| 4,260 | 3,820] 3,240 2,021 baad 3, 895 = 3,950 2,439 

Be 
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CONSUMPTION OF SUGAR IN EUROPE. 


Mr. F. O. Licht, a high authority on European beet-sugar statistics, 
in a report dated December 9, 1909, estimates the per capita con- 
sumption of sugar in European countries as follows: 


European per capita consumption of sugar for the year ending August 31, 1909. 


Pounds. Pounds. 
Germany 3.54 | Spain 11. 86 
RNS con tay oe on ao Ne 24.77 | Portugal and Madeira 13. 67 
MIRO og Sites diehc, <a aie isj coat wi ein Eee Tee 90. 68 
RRR ocho ak ees eae ions 20.10 | Bulgaria : 7.98 
MIOMDNG 5 ckich is xsices, ois dae swe s--s Age Gt Greece 8. 36 
POOPING 33... 20S Beas 2. SS. La SRA | Server : 7. 69 
Denmark .35 | Turkey 
Sweden . 03 Switzerland 
PUMA eto es ods Sos alte cea SORES TI 

| North America 
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